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Methods are disclosed for stimulating a mammal's 
or avian's growth hormone responsive tissues, particularly 
immune response tissues in immune-compromised mam- 
niiii, by administration of growth hormone or growth hor- 
mone plus insulin-like growth factor- 1. Preferably, the 
growth hormone is pegyUted growth hormone. 
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METHOD OF STIMULATING IMMUNE RESPONSE 
USING GROWTH HORMONE 



aaummno a me fwamon 

Held d the hvanton 

This hvartion relates to fcnpro^ 
hormone (GH) which result h the conthuous presence of eerum levels of QH tierepeuticaily 
10 affective in stimulating growth hormone responses h mammals a avians, including 1 ) Increasing 
immns responses, $u<± as antfeody response to 

systems; and 2) novel therapeutic growth hormone administration methods and composiions 
that exhibit efficacy with intermittent administration. 



15 Descrtotlon of Related Art 
Gwth Hormone 

A major biological effect of growth hormone (GH) is to promote growth in young 
mammals and maintenance of tissues in older mammals. The organ systems affected hctude 
the skeleton, connective tissue, muscles, and viscera such as fvar 9 intestine, and kidneys. 

20 Growth hormones exert their effect throujji interaction wBh spaclic racaptors on the target 
cell's membrane. hGH is a member of a famDy of homologous hormones that include placental 
lactogens, prolactins, and other genetic and species variants or growth hormone (Neon, C. S., 
et al. (1986) Endocrhe Reviews 7. 169). hGH is unusual among these h that I exhfcits broad 
species specificity and binds to efther the cloned somatogenic (Leung, D. W M at aL p987]flamifi 

25 22£L 537) or prolactin receptor (Boutin, J. M., et al. p988| Celh S3. 69). The cloned gene for 
hGH has been expressed h a secreted form h Escherichia cofi (Chang, C. at aL [B87] (sfiDfi 
55, t89) and its DNA and amino acid sequence has been reported (Goeddel, et al. [1979} tta&CS 
281. 544; Gray, at al. {I9B5] fifntaS, 247). 

Human growth hormone (hGH) participates in much of the regulation of normal human 

so growth and development. This plulary hormone exhfcte a multitude of biological effects 
including linear growth (somatogmesis), lactation, activation of macrophages, tasuBn-Bca and 
diabetogenic effects among others (Chawla. R, K. (663) Ann Rev. Med. at si 9; Edwards, C. 

iC * al. Jttfifll Science 239. 789: Thomar. M. 0.. at aL AB881 J. CBn. Invest. 81. JAB). Growth 
homo* deficiency in chadren leads 

35 ftan a dacada by exogenous administration of hGH. 

Human powth hormone (hGH) is a singla-chain polypeptide consisting of 1 91 amino 
acids (molecular wetfit 21,500). tfeiftfe bonds He positions 53 art 165 and poster* 162 arrf 
189. Mai Nature. New Biobov. 230: 90 (1971L hGH is a potent anaboic agent aspedaBy 
due to retention of nftrogen, phosphorus, potassium, and calcium. Treatment of 

40 hypophysectomized rats wlh GH can restore at least a portion of the growth rata of the 
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rats. gndoertioiQov- 122: 2820-2926 0988). Aniong to sttdng effects In 

hypoptoiiuvy (GH-cfcnciertt) sut^ 
cartilage resulting m increased datura. Kaplan, 
Adolescents (Springfield, IL Chartos C.Thomai 
5 hGH causes a vanity of physWogfcal and inela^ rfeeb) h wioua animal models { 

heludfogs^ba>epj>wth,B*t^ 

effects and others (R. K. Chawta ef a/, Amu. Rev. iled 14, 518 (1983); 0. G. P. teaksscn »t 
al, Anna flev. PhysW 47, 483 (1985); C. K. Edwards of iL SbeYtt 239, 769 (19M); M. 0. 
^ in i i rjh fcMc#a» 7iSrtflaa^J.P.HuofiesandH.Q.Frtasan,Aia 



Pnysfel 47, 469 (1985)). It has been reported fiat, especial* h woman eJler menopw 
GHsecretkndecitts with age. MBlard of at MfiUEbfaLifflba. H 22S- 235 A* 90 ): Takshashi 
„,f MBun^d^fwiBQY. 46:137»142(1987). See also Rudman etat, J Cjn.lTTYB5L.fiZ; 
13Cl'l3CT (Ifff") Bl " 1 — e^H^fcwand Arina. 18: 981 (1987). Moraover, a report 
exists that some of the rnanifestalions of aging. irriu*g decreased lean b«dy mass, 
•xpansion of adfrose-tissue mass, and Ihe Wnnhgdtoefdri. can be reduced by GH 
treatment three times a week. See.e.0, fludman ef at, N Big, J, Mrt.. 325: 1-6 (1990) and 
the accompanying article h the seme joomal issue by Or. Vance (pp. 52-54). These biological 
effects derive from the interaction between hGH and specie cellular receptors. Two dffleren 
human receptors have been doned. thehGHlvsr receptor (D. W. Leung efai, Natun 330. 53 
(1987)) and the human protect* receptor (J. M. Boutin efai, UoL Endocrinol 3, 1455 (1989)). 
However, there are Ixely to be others inducing the human placental lactogen receptor (M. 
Freemark, M. Comer, a Komer, and S. Handwerger. Endocrinol. 120. 1865 (1987)). These 
homologous receptors contain a ptycosyhted extnceMar hormone bhoTng domain, a angle 
tiansrnembrane domah and a cylcphsmic domain which dHe« eonsi^ 
size. One or more receptors areassumed to play a datem**g rc* h fjit physf olop^al 
response to hGH. 



Pegytation of Proteins 

hGH is given to chUren wBh growth deficiencies and proven to enhance growth. 
However, the hal-ule of the injected hGH is so short that ti order to have high efficiency as a 
pharmaceutical hGH has to be injected 

whi*ir»*esedminWe*ghGHabip^ e 
He of hGH is believed to be due to Is smal molecular weight {224)00 daion). and rapid renal Q 
deanw.wlittrwbeanfoi*idtobepiopott^ » 

efofetion. Pegvlation. meaning conjugating poVetiyleneo^^)* 0 ^ wto ^ to 
beanaxcelWwaytotKnwethetnolecularwelgW PEG k an non-lrnrnunogenic, 

toMr.uncrarged polymer wlht«ew*erm^ 

the hytfo^arnic properties of the conjugated molecules dramatically (MaxfieH, et aJ, Pofymer 

16.505-509 (1975); Bailey. F. E. et al. in Norto* Surfactants IScNck, M. J., ad] pp.794*21, 
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1967)). Several enzymes for therapeutic usage were PEGytatod to teres* the h vf*> haf-flfe 
effectively (Abuchowski, A. at el, J. Biol Cham. 252, 3562-3566, 1977; Abuchowski, A. •( tl, 
Cancer Biochom. Biophys. 7, 175-186, 1864). PEGytation of IL-2 Crteneuki>2) was also 
reported to teraase chcutatory ffa as wad as to potency (Kaire. N.V. at at Free. W. Acad. 
5 Set. 84, 1487-1491, 1887; Goodson, Ratal BaTecrretogy, 8. 343-346, 1990). PEGytation of 
other moiaojl« were raportad to have reduced hmunoga^cay and taxefy (Abuchowski, A. et 
«JJ. Bid. Chariu 252, 357W5B1, 1977). 

Methods tor covaierrtfy attaching por/alhytonap^ to prolate mdaserMh 
Davis at al U A Pal No. 4,179.337. Oavis fUL dtebaa polypeptides such a* enzymes and 
10 hormorws coupled to p<>lyelhyfc^ 

nonJimjroo^ wrter-eol^ One of t» hoimonaa named was 

growth hormone, however there were no examples ahowhg arty results with any growth 
homvjne. The patented polypeptide composlions are prepared by a pfcceutacMig the 
steps of reading at least one terminal carbon atom bearing a hydroxy group from 

15 polyethylene glycol or polypropylene glycol with a coupling agent to provide an activated 
polymer having a reactive agent to provide an activated polymer havtig a reactive terminal 
group and reacting a physiologically active Irvnunogenic polypeptide wth the activated 
polymer by coupling the polypeptide to to reactive tamwial group of he activated polymer. 
As the coupling agent, the patent discloses the use of some 13 pctyfunctional couping moieties 

20 including (a) cyanuric cWorde or Huoride, (b)anacyla^fcmnedby readtiglrMpc4ymer 
with chiorocetic acid, then with d^omelhane to obtain the methyl aster of tht carbomethoxy 
ether followed by treatment with hydrazine which gives the correspond*^ hydrazkje which is 
then treated with nitrous add to give the acyiazide, (c) a iralosuccinic anhydride, (d) the p- 
ofezobenzyl group, (e) the 3-tp^ophsnyloxyHiyotay prcpytoxy group, (Q the 1- 

25 grycydoxH(24iytlroxy-3i)ropvl) butane group, (g) carboxyamJno or truocvbom/iamlno benzyl 
Wage, (h) the 2-(hydroxy-3-carboxy) propyl fnkage. (i) an w-amino derivative produced from 
an alkylated PEG such as methoxy por/ethyiene gr/cci subsequently reacted with a caiboxy 
group of a polypeptide, and fj) coupling of an w-amino derivative of an akytated PEG with 
maleic anhydride and subsequent reaction of the N-PEG«aWeMde wth the desred 

30 polypeptide. 

The Enzon, Inc. catalog. Tnzymes For Biomedcal Use' dated May. 1663 dactoeed the 
commerciaJ avaHablcy of certain pofytthylene gtycol rnodTied enzymes (referred to as 
'PEGzymas*) having improved storage stabffity, resistance to proteolytic dfcjestion, extended 
blood drcutafcg times, and reduced irrrrtff^erueity. Also dsctosad are two activated 
35 polyethylene gryedptoduettfo^ 

succinimidyl succinate. A footnote states that, for some enzymes such as asparaginases 
this coupling agent yields PEGzymas wth higher epecfie activate.' 

Stabilization and nwcTicalien of anzymn and ota 
to carbonydrates and p<>iyethy1er*glycol has been reported. Marshal and Rabtewta. Arch 
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tiXtem mm 1SL 77 0975) rtlffiofja^ai. 1081 (1976), notog earler reports 
ftat glycoproteins (mostly enzymes} often chow unusual stabEry characteristics compared 
win caftohyotataJree proteins, the fennrb^| W « t nsl^ioh«gfldo«wctoatui^ 
conditions and more resistant to proteolysis, dbdoss fie preparation of eofubis enzyme* 
"d*^* cortf urjaies ^ 

■mylase and bets-amytase to cyanog w bromto tctf^sd drtran. The resulting covalant 
oon^^ oispteytd inanVsd reslstanci to 
fves, and reduction h toss of activity uiteeono1liontf»o^autofysb. 

Thenveutic tomwiatiw certain^ 
totoehormwwereraportodtopoter^b* 
epitope cpecTcfty of the antibody is chosen appropriately. Tr* potentate or mMcry of 
hoimones, such as growth hormone. ■ dtatosed fri Aster at ai, 
EP 137234B, 10 October 1990. 

Abuchowski tl al„ J, Bol Ctrm 2B(11), 3578 and 3582 (1977). dadosethe 
modification of proteins, specTcaJly, bovina serum atoumkt and bovfae tvar eatalaaa, by tha 
covaient attachment thereto of rwiimmjnoflenic rnathoxyathytene gr/cols of 1900 Oatons 
(PEG-1900, Unton Carbide Corp.) and 500 OaJtons (PEG-5000), Uhton Carbide Corp.) ushg 
cyanuric chloride (2,4,6^loro*.triazir»e) as the coupling agent. The modffied bovhe serum 
afcurrmaxhWed a biocd circulating ffihnib^ 
except that 8 was not removed from creulafcn by fte avantual oto^ 
Also, the modified bovine serum aJbumh a^ed subslantW e^»gas h proptatiw, such as 
solubility, eleetrophoretic mobility h acrybmide gel. ion exchange chromatography, and 
sedimentation, as compared wfth tha unmocSfied proteh. Rabbts ware tanunized by tie 
intravenous or by the htramuscular acrrtjistration of PEG-190O-calaJesa. The htravenous 
administered antigen did not yield detectable antipodes against PEG-1900-cetalase or native 
catalase whereas the antiserum from htramuscuiar administered antigen contahed antibodies 
to PE6-1900<at8Jase and native catatasa. PEG-eVOO-catalase old not react wflh after 
antiserum. 

PEG-190><atalase and PEG-50O)<atto 
their enzymatic activity and PEG>500(kataiase resistad digestion by trypsin, chymobypsin 
and a protease from Strtotonvc*-. rri«^ p£6.i500<Bfalase and PEWrjoo-catalase 
exrAied enhanced drc^g Ms h M 

Mraveitous iraection and m av^^ 
mooUed enzymes. 

bttuCrvOa Growth Factor I 

iwa^gn^fadorlflGF-Oisapo 
fluids, for example, blood and human earerjral sphal fluid. Most tissues, erf espidafy the 
liver, produce IGF-I together with spedc IGF-bndbg protests. K3F4 production k under Me 
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dominant stimulatory Influence of growth riormone (GH), and some of tht IGF-I bindng protehs 
•realsoixraasedbyGH. SMT«m**i,Afla£QdS£llDflLM: 681-696 (1977); Uthnta? 
aL J. Cfin. Endocrinol Mgtafa a» 5ia- ssi ft*7i)} IQN his bacniuiattd from turwswun 
and produced recombrartly. See, t.g;EP 123^28 and 128,733. 

The levels of IGF-I am reported to t» reduced by half to 20* nonth old oU eomparad 
to 6-month oU rats (Takahashi and Meters. Pme ^f«rw>m 229-233 (1987)). 
See also Fbrini and Roberts, JJSfflaotaL 35: 23-30 (1960): Fbrini aral Moch Aoefin Dev. . 
15: 165-176 (1981); Chatebki ef a£,fjdjajrjfi, & 303-308 (1989); FtorH ef ai, J. Gerontol.. 

itt*7<198fl: Hal and Sara. Clinics h ghrinrth «nH Umh 1» oi hcxuv n^t.. 
Advances In CBnleal Chnmfcfty £5: 49 (1966); Citrnrnons and Underwood. Cfinics in Emfecrin. 
arjdJtetaL. 15: 629 (198ft: Httz. Advance in Patfatrie* 88: 299 {Y-r Bank M«fc«l 
Publishsrs, Inc., 1981): Johanaon and BfiaarrJ. The Johns HorwJra Matical Journal. 119- 115- 
117 (1981), the latter five references describing low IGF-J levels h aged men. The Hhtz, 
Clemrnons and Underwood, and Baxter references are general reviews on K3F-L 

Furthermore, k was found thai among human dpiokf ftrobtasts capable of cycling in 
aging cultures in vitro, there were few changes in the regulation of the growth fraction by 
platelet-derived growth factor (PDGF) and epidermal growth factor (EGF), but • greatly 
increased dependence on IGF-I for regulation of tie rate of entry Ho 8 phase (Chen and 
Rabinovitch, J Can Physio) jg: 18-25 (1990)). The authors conclude that the slower growth 

tte drviding population d 
levels thai are greatly above those usuaOy supplied. This may be due to (production of 
the IGF-I binding protein. IGFBP-3, and, therefore, a reduction in IGF-I avasabKty to its 
receptor. Goldstein at a/., 'Cellular and Molecular AppicaDonj to Biology of Aging", AFCR 
Meeting abstract, Seattle, May 4-5. 1991. 

Various biological activities of IGF-I in other than aged trammels have been identified. 
For example, IGF-I is reported to lower bleed glucose levels r humans (Guter at a!., N. End. J. 
Med.. 3J2: 137-140 (1987)). AdditionaBy, IGF-I promotes growth in several metabolic 
conations characterized by low IGF-I levels, such as hypepnysactornized rats [Skottner era/., 
J. Enrioer. H2: 123-132 (1987)], debate rats {Scheiwller at at. Nature 323 : 169-171 (1986)], 
and dwarf rats [Skottner era/., Endoerinobflv . 124 : 2519-2S26 (1989)]. The kidney weight of 
rr/pc$hysectomized rats increases substantially upon prolonged infusions of IGF-I 
sutauttntoutfy (Guttr eta/, Pmcaeolnpg at the 1st European Caiwwg nf c fW<fvy i Hft | Wft y jnj. 

abstract 12*390 (Copenhagen, 1987)) The todrieys of Sr^ dwsjf rrce end dwarf rats 
behaved sMbrty (van BuuKXfsrs at t/, Petfetr Res 2Q: 825-827 (1 986}); Skottner §t ai, 
Endocrinotagv- xurm. An adefisonal use tor IGF-I is to impove glomerular (Btratkin art 
plasma flow (Guter ef a/., Pme Marl Acad Sri. USA flfi: 2868-2872 (1969)). The ariacelfc 
affect of IGF-I In rapidly growing neonatal rats was derrenstrated *> vto (PhSpps at at, 
Padiairie R«.. 22: 298 (1988)). to underfed, stressed, 1, or dtoaasad animals, IGF-I levels are 
wel known to be depressed. 
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GHandlGF»l 

6H and K3W have been Weed wBh ininroregutatory properties. The Immune 

response rtsuits from interaction of antigens (foreign or norvtef moieties) wBh host cefls p 

5 (lymphocytes) bearing specie receptors on the surface mentrer* lor t*» 

Lymphocytes are grouped to to mqjor classes, T«eels and freak. % 

TceBs originate bom the ftymus where hey mature and dHerentiate torn bone* 

marrow-derived celis. The mature T<els leave the tiymus gland to eonthuously circulate 

torn blood to lymph nodes and spleen and back to blood Tceb are further subdvided Into 

10 three major subsets: T-helper cells, T-euppressor cells, and ^cytolytic eels. T-helper ceBs 

•help' other eels: B-ceOs to secrete antfeody, cytotoxic eels to become functional, and 
macrophages to become activated This population of T-eefc bears the CD 4 surface marker 

thai is used to identify this subset In tissue and blood 

^cytolytic cells are responsible for kiting target ceQs such as virely Haded cells, 

is tumor eels, and allografts. Suppressor T-cels act to tnl and terminate fie Immune 
response. The cytolytic and stressor T-ceB populations are kJantffied by the CD fi surface 

marker. 

The B-cels, or antt>ody4orming ceBs, also derive from immature precursors found h 
the bone marrow. When mature, the B<eBs migrate to al lymphoid organs except the thymus. 

20 B-ceEs nteract with antigens by way of antfcody molecules bound to their plasma membranes 
that act as receptor proteins. This surface Immunoglobulin is used as a marker to IdenOyB* 
cells in tissue and Wood. FoBowhg interaction with antigen and T-helper eels, the B-ceBs 
differentiate into anttoody-forming cells called plasma eels. These plasma eels secrete 
anifcody Mo the extraceDular matrix. The antfeody cfiffuses into capillaries and circulates 

25 via normal blood flow. Thus, the serum imnwoglobidin level reflects the cellular dynamics of 
the nvnuno response. 

In rrany states, children are required to be immunized routinely agahst such dsaases 
as diphtheria, pertussis, and typhoid (DPT), as we! as measles, tetanus, mumps, polo, and 
rubella, by administering vaccines. The B-cel! reaction to vaccine is tie production of 

30 appropriate immunoglobulins, which are intended to confer immunity against the dsease. 
Generally, a particular B<el wiB be dWerertiated to produce one particular t^ 
md such production is caused by the presence h fie be<* done particular type of antigen. t 
Hence, when an animal or person has been exposed to a nmbor of (Merer* antigens, tie 
animal or human wB have a number of dfferent frcels fiat can produce Is particular * 

35 immunoglobiflns when the epprepriate antigen Is present 

In some slualions, tie immune response to antigen is NufTdetf to corto 
That is, a quantity of immunoglobulins is generated Renumber of B<els are potentiated) 
that is insufficient to confer effective immuniy. 
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II has been known tine* 1967 fist t connection exisU between the anterior pfcuitary 
and tht knmu* system, tnd specificaly with GH. Two groipe of bivestigators concluded 
from their studies fiat GH controls the growth of lymphoid tissue (PierpaoG and Sorion, 
ttatU£& 215: 834 (1967); Baroni, g«*rtenfe & 282 (1967)). Subsequently, trcnifttbjc 
5 firetion was restored h the ptukary dwrf 

hormone and thyroxn (Baroni if a/., Immunol.. 12: 303414 (1969)). 

In a sex-Inked dwarf chicken strain, bov?* GH trealmert resulted in enhanced 
antbody responses and bursal growth whie thymine treatment stimulated tiymus growth 
fttersh m ml. Pme. Soc. Em. Biol Med 17S> asi.sa (iQftiw However, nelher treatment 

to altered immune function In the autosomal dwarf chicken. Bovine GH therapy alone partially 
restored Immunologic function in inrnittdefriart Wajmararttr dogs {Both Mm!.. Arm. J. Vet. 

£83.45: 1151-1155(1984)). 

Mice with hereditary GH deficiency develop an impairment of the Immune system 
associated with thymic atrophy. hvnunodeToency, and wasting, resulting in a shortened Be 
15 expectancy (Frabris et a/., Clin Em. Immunol, ft; 209-225 (1 971)). It has been shown tat an 
age-associated decline in the plasma concentration of thymuGn (a thymic hormone) occurs and 
that plasma thymuin concentration increases h bGH-treated midde«aged and old dogs (Goff 
$t a/.. Cfrv Em. Immunol., fifl: 580*87 (1987)). The authors suggest that exogenous GH may 

be useful ior restoring some immune functions in aged-individuals. Further, administration of 
20 hGH to C^/BI/SJ mice was found to reverse tie inhfeitory effect of prednisolone on thymus 

and spleen cedularity and on natural kiler activity; a&nhistration of hGH without prednisolone 
had no effect, although at higher doses 1 induced a decrease of thymic parameters and 
natural killer activity wfth no effect on spleen cellubrity, and relative weights (Franco ef ai, 

Arta Endocrinologies. 123: 339*344 (1 990)). 

25 It has also been shown that GH induces T-cell proliferation in the thymus (Murphy et 

a/., FASEB Meeting Abstract, Atlanta, April 1991; Durum eft/., FASEB Meeting Abstract 
Atlanta, Apr! 1991). For recent reviews on the immune Meets of GH, see KeBey, 'Growth 
Hormone in hmunobbbgy ■ h Psvdwneurerimimology II. 2nd Ed, B. Ader et aL, eds., Acad. 
Press 1990, and Ammann, "Growth Hoimone and Jmmunty. 1 in Human Growth Hormone- 

30 Progress and Chafes. L Underwood, ed., Marcel Dekker, Inc., New Yortc, (1 988), pp. 243* 

2S3» end Weigmt and Bbtodc Proa f^i^n&v^lmrrt^b^ fr 231-241 (IflflQK lhasbeen 

reported that the activity of al major fcnmune cell types, inducing T<els, ftcefls, natural 
kiDer (NK) ceBs and macrophages, can al be altered by GH (Kefly, Biochem. Pharmacol.. afi: 

705(1989)). 

35 One report states that bcaHy generated IGF-I mocfates GH action on T-lymphocytes 

firoutf the type I IGF receptor (Gather at al, J am En*** and u«t*h ft 464 (1990)). 
Also, Franco ef a/., on p. 343, speculate that eome of the effects of hGH on the hnmune 
system occur via IGF-I. Timsit et aL al the Endocrine Society 73rd Annual meeting, June 19- 

22, 1991, Abstract 1296 reports hGH and IGF-I stimulate thymic hormone production. 
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There havt bMn data pubBshed documenting fie abfty of arts of the Immune system 
to product IGF+lce moJecutes. Thesehdude activated aJveotarnaKrophagesptom at al.1 
c&v invest., flfc 1685 (1886)], human Wympftocytas tnnsfocmad wA EpstairvBarr virus 
fu^fcn- — < j pa 6nte«in. Metah.. 6ft 078 flflam sateen and thvmut tissues through 
5 HptBrKnn * mRMA W KFJ (Murphy araL frKtocririotoov. 120: 1279 (198711 and noma! T- 

osBs [Geffner tf at, supra]. 

Data hava also boon presented suggesting *>at KaH produced localyhfcaueseuch 
as fie thymus or inflammatory sBes might affect fte growth and function of iGF+receptor- 
bearing T- iyrnphocytts (Tapson at at, J «in tm**t . 82: 860-857 (1888)). A statisticaly 
io significant increase in thymus and spleen weight of rrypoprrysectornizad rats Mused tor 18 
days wBh K3F-1 was observed as compared to control ortrealrnertir»iGH(Froaeeh etai.h 

Growth Hormone ftwfe and dnieal Aspects, ods. O. ISBkSSOn etl/, p. 321-328 (1887)). Also 
reported was an increased thymic tissue in young GH-defidert rats treated with IGW [Outer 
•r at. Pmr Man Acad. Sd USA, fifc 48894893 (1888)] and an increase h tht spleen of 

tt dwarf rats [Skottner $t at. Endocrinology, supra]. Others have shown repopuiation of the 
atrophied thymus ii diabetic rats using ether IGF-I or insulin; however, when the rats were 
rnmunized with bovine serum abumin (BSA) and boosted, than was no effect of insuBn or 
IGF-I on the antibody response despite large effects on thymic and splenic size (Bhz at at. 
Pmr Moti AMd Sd ruSAl BJ: 3690-3694 (1990)). K3H was reported to stimulate 

20 r/mphocyte prolJeralion (Johnson et el, Endccrhe Society 73rd Annual Meeting, .tone 19-22, 

1991. Abstract 1073), 87. 

Furthermore, IGF-I was found to rapoputate the bone marrow cavity wth 
hematopoietic cells [Proesch at at, supra], stimulate arythropoiasis in hypophysectomteed rats 
[Kurtz «r al. Pmr Mati Aead Sd. (USA), ffi: 7825-7829 (1 888)]. and enhance f» maturation 

25 of morphologically recognizable granulocytic and erythroid r/rjgerutors in suspension sutures of 
marrow ceils (Merchav *t*i 1 CCrt invest.. 81: 781 (1888)). 

At nanomolar concentrations, IGF-I is a growth-promoting factor for lymphocytes 
(SeMmpfl tt at. Am Endocrinol, m 21-25 (1883)). B-cels. but not T-ceBs, havt recently 
boon thr" trr p"*"«* ~~r*™» ^ fin * a/ J CUnfeat Endo. and Met.. 72: 11 17- 

ao 1122 (1991)). Also. IGF-I, as a ehemotacfJc for resting and activated T-eeDs, stimulates an 
increase h mymidine itooiporalion hto resting and artivated T<als. NemtolT-cal anas show 
augmentation of basal colony formation h response to IGF-I (Geffner ft at, supra). I is also 

h tissues such as the thymus or Marnmatory sites might affect the grown and function of 
as IGF-I receptor-bearing T r/rrfhocytes. Howevr. IGF-I a reported to suppress ha dose- 
dependant manner L-2-hduced prolerabve responses and ii viroantbody responses of 
spienoeytes (Hunt and Eardley, J. anmunoi.. 13£: 3894-3888 (1886)). 

There is a need m the art to supply a reagent that wl stimulale 1^ immune system 
of a mammal or avian, whether the immune response is eehr^ed wantfcadv-iM&ed 
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There k a particular need lor a reagent that wB boost tm antibody nnponee tf patients win 
con^mai^irmg^^mntom^to^^fwfm*9^o%»i. kiviewoffte 
oontrevaisy in the art suroundhg K3F-I, l it undaar what Is effects would be h increasing 
■nrnune function, as opposed to inaraly hcreasng size of organs involved in fcrnnuna function 
such as f» fiymus and spleen, or in hcr«singthaactM^ofT-orB<^h >^orh Wvt).. 

& is therefore an cojed d the preset 
mammal or avian. 

I is a particular d)jed to increase produdion of srimurectobuiuj by hcreasing the 
number of simunopjetui^reo^ eak ar^ 
protoad by tt» Mvidual irnwo^ 
niiuuuun 

it is a more particular object to increase antibody itsponsts in patients wth savaraly 
hampered immune systems, such as patients who receive bone marrow transplants or h 

AIDS patients. 

it is an object d the present invention to develop a method of prderentiafly aUrnulating 
the growth or development ot the immune system through the administration of 6H containing 
composlions. 

It is an object of the present hvention to devise methods of therapeutic use of 6H 
containing compositions whereto the composition may be admMstartd ttermttentty. such as 
every three or more days. Other objects, features and characteristics of the present 
invention wtil become more apparent upon consideration d the folowing Description and the 
appended daims. These and other objects wa be apparent to those d ordnary akl in the art. 



Described is a method for the use d growth hormone ccrr^rising therapeutic methods 
which result in the continuous presence of a therapeuticaty affective amount of GH. in one 
application of this method, continuous QH presence can be achieved by the use of a catheter, 
hsurn pump or implanted diffusion device which siowty administers a dose d OH which results 
h the stimulation d the immune system leacing to an irnprovtf In a second 

application d the method d the present invention, continuous presence of GH is achieved by 
coupling of GH to other macromolecules that resuls in an improved haHfe d GH tiereby 
facilitating the continuous presence d a therapeutcaliy effective amount d GH. Among the 
preferred rracromolecules that result in continuous presence d GH are 1) growth hormone 
binding protein; 2) covalenUy attached pdymais such as poJyetheJene dycol, polypropylene 
gr>^ or carbohydrates; and 3) other rracromolecules such as proteins, Ipids, or gtycofipids 
reduce clearance^ are ndirnuwgenic. 

The continuous presence d GH when combined wfih a macromoiecuie causing an 
Increased serum hal-Ofe results it a therapeutic composiion which may be imermttentfy 
admin istered. Such interrnittent administration may be once every three days or more, more 
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preferably ivery six days or more. Dfecbttd in novil modTad fonm of hunw growth 
hormone (hGH) having spedfc amino acid «ldu« modTied by eowhriJy ttK^ 
polyBthyteragrvcol (PEG). Also described is the use of PEG-GH to achieve optimum growth 
with htermrflert adnwistrafion. hjfa <Ssdosti*UtM*^\M* OH. *\ 

oirribfralkjn wtfo IGW. h stirrup Abo dsctoserl 

are novel therapeutic h6H admWstralion methods ind oompotlioni tat exhibit efficacy with 
huwmilent idmhlstration. Accordingly. <he present invention provides a method tor 
stimii^arrarmtfjoreviarfslmr™^ 

even an irmne-sunwlating effective arrcurt c* a GH cere***^ c GHmaybe 
used h combhafion w8h KSF4 fci a method of hiwre sftnaation. 

h a rriore pariiculB/ asped, the Invert 
mammars or avian's antbody response to an tnronooefl eomprishg adrnhisre^ 
mammal or avw the inmjrK^ard an effects amount of OH and ISF-L This use of GH, 
PEG-GH, w&h or wifoout IGR. may be oonsioertd is an endocrine or hormonal adjrvant for 
the inmunization process. Praf erab ly. I* admWstralion is eoncunart art a) folowad by 
boosts of imunogen at shortened Wervab relalive 

IGF-i are given. Therefore, the invention provides cc-ednWstration of aflectlve amounts of 
IGF-I and GH for stimulating the immune system. This riormonal adjuvant, that is foe use of 
GH or of GH plus IGF-i as an adjuvant to promote the tnmune response, is appBcable to eny 
antigenic substance. Most preferably the antigen is derived from Btioorganisms. viruses and 

tumors. 

hi still another aspect, a method is provided of increasing the amount of 

hmunopJobuGn produced by B<e^ 

inmunogBn, where said subject suffers from a condition in which insufficient triniunootobufo 
production occurs, comprising acrrunisterhg to the subject an effective amount of GH and IGF- 
1, the amount being effective to increase Ihe production of irrwroglabulin. 

In a stl further aspect, the invention provides a malr^ d heraashg the T-cefl 
responsiveness h a human or other rfiarnrnahn sut^ In resporw to an tntnuriogan. whjre 
said subject suffers from a condlion in which insufficient T-helper or T-cytorytic activfty 
occurs, comprishg admWstering to the subjed an effective artwrt of GH 
amount being effective to increase foe T-hetotr or T-cytorytic ectivty. 

Snidiea wlh GH have shown that borte growft 
doses of GH, between the bolus doses the GH serum eereertrstion falls to very low levels. 
Such bobs daily doses of GH are not effective at achievirig a coraJraw 
sufcientto stxnutate foe immune system. The present tovantton dhcovered that foe 
continuous presence of rtsuts in the sthiiaSon of tM trtw 
continuous presence can be achieved byfoeusecfaGHfcrnifcfort 

The Wermraent edrriristration of GH is not e foerepeuucaly effective use of GH to 
cumulate the rnmune system. Sumutotion of the immune system rtquln* tr» certiiuous 
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presence of GH. Intermittent administration of GH can rtsul in ta continuous presence of 
GH when t*e OH is oompiexed wth tseV or wth mother macromolecUe euch tat tie GH is 
not cleared from the plasma, tatermfctent GH use k defined is ataHstration every 3 or 
more days, preferably every 6 or more days. This impacted use of GH in oombtationwfth 

5 a macromolecule euch as PEG or covalant attachment to other large polymers rtsuts h a 
therapeutic composition that may be administered at htsmttent Nervals yet results in the 
continuous presence of GH in the plasma Continuous presence GH rtsute h the unexpected 
stimulation of th« immwe system. Aseoondune^octedrasulof uafcg GH constated wth a a 
macromolecule is the stnudation of the gm« 

io compared to GH not oompiexed to a macromolecule and htermttenfly adn hi sterod every 6 or 
more days. The administration of GH complexed to a mecromoleade, such as PEG, tfus 
surprisingly results in the stirm^ 
is intermittent 



15 Stimulation of knmune System 

Previously growth hormone secreted by administered GH secreting tenor cab has 
been shown to stimulate growth (Keiey, Biochem PhaamooL, 38 705. 1888). Growth hormone 
and growth hormone receptor have been shown to be presort 
system. However there has been no rricatbn that GH acMnistration would result in a 

20 therapeutically useful stimulation of the immune system of mammals or birds. The 

administration of GH atone, or GH in combination wth IGF-t stimulates tie immune system, 
most preferably when GH is continuously present in tie blood plasma and body tissue fluids. 
Surprisingly, the continuous presence of GH results in tie stimulation of knrmm responsive 
tissues, such as tie thymus and spleen. 

25 A preferred form of GH is GH in combhation wth a macromolecule tat increases the 

plasma hall-He of the GH. Such macromolecuies include polyethylene glycol polypropylene 
glycol, cartohycrates, fiptis, and proteins. Among the preferred proteins are tie GH bindng 
protehs, antbocfes and afcumh. Ihe most preferred form of GH is pegylated GH. Preferred 
formulations for administration to induct the continuous effective plasma ooncanliattons of 

30 GH include GH wth one or more pegylated lysine or methionine residues. 

While recent studies h whole animals have shown tat IGF«I can cause housed 
spleen and tiyrnft weights h GH4sr^ 

deserting a gross change In tiymusarut spleen she or hoelnuntar. Other manipulations of 
the size of the spleen and trymus have been shown not to be associated wth an eRect on 
as taction (Jenfeu and Raker, JJmu&L 2650*2655 (1 860)). Furthermore, tie Bn era/, 
article died above utifeed a dtobetic rat model where hsuki and IGF4 wotid affect (fabeles 
and therefore aid all tissues in tie body, and K5H and hsuin were found to have no functional 
effect on antibody tier. 



WO 93/00109 PCTAJS92/04489 

12 

In view of this art, the present irrvention represents in unexpected findhg that not 
only art the spleen and thymus weights hcreased upon edniibtrafion of GH containing 
compositors, but also the function of »* thymus, spleen, or lymph nodes, as hdfcatad by 
taBasadsk«ardc«lrifi*tainf»sponsatolGF-L Trie Irereaseh eel nurnber and 
6 responsiveness translates to an increased production of antibody by thasa cefe In naponsa to 
an antigen. This ira^ would be useful treating p 

systems such as AIDS patients, in whom increased antibody response to antigens would ward 
off , or decraase fte severity of. Hscoous Ssmn^\n^mynaln»coiMb»imi» 
mora effective. 

10 fttef Desgfprton or the DrawniQS 

Rgura 1: figure 1 A b a plot of the spiean weight gain h rats Wtowing treatment with 
various doses of exdpiertt, GH or GH phis GHBP for 7 days; figure IB klha aama spleen 
data plotted as a percent of whole body weight. 

Figure 2 is a graph of thymus weight in hypox rats toflowhg treatment wBh various 
15 doces of hGH, PEG-1 hGH or PEG-2 nGH. 

Figure 3 is a graph of whole body weight gaki after 24 days in hypox rats receiving 
treatment wftn excipient, PEG-5 daOy. even; 3 days or aver/ 6 days; or hGH daily, ovary 3 

days or every 6 days. 

Figure 4 is a graph of the thymus weight following the same treatment as In figure 3. 
ao Figure 5 «etine plot tor 16 oays d whe^ body weiott Wbwfy 

exctoienl hGH every 6 days, hGH daily, PEG-hGH daDy or PEG-hGH ovary toe days. AD 

groups received O.lmgflcg/flay of hGH. 

Figure 6 is a graph of body weight gain in aged rats treated with exdpient, iGF-i, 

hGH, or IGF-I pais hGH. 
25 Figures 7A, 7B, and 7C providi graphs on the splenocyte number, splenic "Peel 

population number, and splenic B-cel number, respectively, after 7-day IGF-I treatment or . 

excipient treatment. 

Figures 8A, 8B, and 8C provide graphs on i^oplonocytenumtor.aplonicTcol 
population number, and splenic cVcefl number, respectively, altar 14-day IGH GH or excipient 

30 treatment 

Figure 9 represents a graph of the number of thymocytes after 14-day IGF-I 
treatment, hGH treatment, KSF-I control treatment, and hGH control traatrnenL 

Figure 10 represents a graph of the mftoganie raspon$ast4da)fS after hWalaxdphvtt 
c* IGF-I or M3H treatment of mice using to 

35 PWM (Fig. IOC). 

Figures 1 1 A, 1 1 B, and 1 1C provide graphs on the splenoeytenumbv.sptenfcT-ctl 
population number, and splenic B-eel number, respectively, after 14-day treatment wtlh 

exdpient, IGH hGH, and IGH plus hGH. 
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Rg*e 12 represents a graph of the number of tfiymocytes after I4<day IGF-I 
treatment bQH treatment, and KSF-1 plus hGH treatment 

Figures 13AJ3B, and 13Crepresert graphs of s 
ceil subpopulaiion nunber, and splenic Mmmter. respectively. 7 days after ttievid of 
s excipient K3F-I, hQH, and I6F-I plus hQH treatment. 

Figure 14 represents e paph of the runber of thymocytes 7 days efter the end of 
excipient, IGF-I, hGH, and IGF-J plus hGH treatment 

Rgure 15 represents a graph of the inlogenie responses 7 d^s after the end of 
•anient IGF-I, hGH, or IG F-l plus hGH treatment of mice using the mtogons LPS (Fig. ISA), 
10 Con A (Fig. 15B), or PWM (Fig. 15C). 

Figures 16A and 16B represent graphs ol the ^h node oelntiTter and ^mph node 
T-cell populations, respectively, 7 days after the end of excpont IGF-i, hGH, and IGF-J plus 
hGH treatment. 

Figures 17A, 17B, and 17C provide graphs on the qplenic tymphocyte number, clonic 
15 T-cel population number, end splenic B»cefl number, respectively, 21 days after the end of 
excipient, IGF- 1, hGH, and IGF-I plus hGH treatment 

Figure 18 represents a graph of the number of thymocytes 21 days after the end of 
excipient IGF-i, hGH, and IGF-t plus hGH treatment 

Figure 1 9 represents a graph of the mlogenac responses 21 days sfter the end of 
20 exqptent IGF-I, hGH, or IGF-I plus hGH treatment of mice using the mitogens LPS (Fig. 19A), 
Con A (Fig. 19B), or PWM (Fig. 19C). 

Figure 20 shows the concentration of an^ 
total IgG (Fig. 20B) in iigfal in the serum of mice as a function of the number of weeks shce 
the first immunization wBh dintrophenyf-ovabumin corrugate (Day 0, designated AG), wherein 
25 8t week 3 (Day 20) the mice were boosted with conjugate and given excipient or IGF-I. 

Figure 21 shows the weight gah changes for mice wth and without transplanted bone 
marrow and treated with excipient or 40 tig or 120 tig of IGF-I. 

Figures 22A, 22B, and 22C show graphs of penphertf 
subpopulations, and HIS ratio, respectively, 14 days after Irradiation of mice with 
30 transplanted bone marrow and treated with excipient, 40 |ig IGF-I, or 120 jig IGF- 1. 

Fflures 23A, 238, and 23C show graphs of splenic Vinphocyte number, eplenic T«oetl 
eubpopulations and splenic &ceB nunber, raspecflvely* 14 days after inatfation of mice with 
transplanted bone mam>w and treated wfth exdpient 40 tig IGF-I, or 120 pg IGF- L 

Rgure 24 represents a graph of the mitogen* responses 14 days after irracfiation of 
35 mice wth transplanted bone marrow and treated wih exqpient, 40 (ig IGF-t or 120 (ig IGF-I 
using the mlogens LPS (Fig. 24A}, Con A (Fig. 24B), or PWM (Fig. 24C). 

Figures 25A, 25B, and 25C show graphs of peripheral Mood lymphocyte B-ceb, T<ell 
subpopulattons, and H/S ratio, respectively, 21 days after inadation of mice with 
transplanted bone marrow and treated with excipient 40 jig IGF-I, or 120 tig IGF- 1. 
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Figures 26A, 268. and 26C show graphs of total sstonocyte nunber, Tcell 
subpoputations and spier*: B-cal number, respectively, 21 days alter irradation of mfcewlh 
transported bone marrow and treated wth excipient, 40 jig IGH or 120 (xg IGF- L 

Figure 27 represents a graph of the mtogonic miporuai 21 days after inadtolion of , 
5 mica wfih transplanted bone marrow end treated wfih estpient 40 (ig IGH or 120 wj K3F-I 

Figure 28 represents a graph of thymic lymphocyte number 14 days (Fig. 28A) or 21 
days (Fig. 28B) after braoSation of mice wfih transplanted bone marrow and treated wfih 
earipient, 40 ufl IGH. or 120 ufl KaF-l 

10 

a mt ft. • 

A Pontoons 

As used herein, "stipulating an hmm system' refers to increasing fte Immune 

function of a mammal or ivian, whether the increase Is due to anfibociV mediato 

15 mediation, and whetherthe immune system is endogenous to fie host treated wth GH or 6H 

plus IGF-I or 1$ transplanted from a donor to the host moment given OH or GH plus K3M (such 

as bone manow transplants). For example, the stimulation may resut from an increased 

number of splenic ceBs such as splenic lymphocyte nunber, splenic T<eB population number 
(T-ceB, CD 4 and CD g ), or splenic B-ceU number, or from an increased number of fcymocytes. 

20 Other cells Involved in the immune system response include natural Uler cells, macrophages, 
and neutrophils, h addition, the stimulation may be due to an bcmase h anttooty 
response to an rnmuvogen. 

As used herein, the expressions 'compromised immune system* and loond^ 
insufficient immunoglobuBn production occurs* signify the immune system of humans as wei as 

25 animals that have a smaller anttoody response to antigens than normal, **ether because 
their spleen size is smaller than it should be, eftether the spleen is only partialy functional, 
whether drugs such as chemotherapeutic agents are suppressing the normal immune taction, 
whether the animal is functionally IGF-I (or GH) deficient, or due to any rther factor. 
Examples include aged patients, patients undergoing chemotherapy or radiation therapy, 

30 recovering from a major illness, or about to undergo surgery, patients with ADS, patients 
wtoconger*»ttandaccp^ 

varied agarrragtobuhema, and selective taTUeogttuh deTdendes, *4, (oA deficiency, 
patients Heeled wlh a vto 

response of the patient, r 
35 The mammals and avians potentially affected herein include mammals and avians of 
aconomfe fryortance such as bovine, ovine, and porcine animals, as wel as chickens and 
turkeys. The tmnrals nay exhM a splenic alrophy aibsequert tos 
and function. The preferred mammal herein is a human. 
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As used herein, 1GF-T refers to insuiirvfte growth factor from any q>ecies, hdudrig 
bovine, ovine, pordne, oqufce, avian, end preferably human, h natfce-eoquence or h variant 
form, and from any source, whether natural synthetic, or recombinant Preferred herein for 
animal use is that term of IQF-i from the particular apodos being treated, ouch at porche IGF* 

s I to treat pigs, ovine IGF-J to treat sheep, bovho I6F4 to treat cattle, etc. Preferred herein 
for hunan use is human nativo-eequence, mature IGF-I, more preferably wthout a M4ermhal 
methbnhe, prepared, by t* process deserted h 230369 published August 5, 1987; EP 
128,733 pubished Decenfcer 19, 1964; or EP 288,451 pUttfshed October 26, 19B8. More 
preferably, this native-sequence K3F4 is recombinant produced end is avahbtefrm 

10 Genentech, he., South San Francisco, CA for dnicat investigations. Also preferred for use is 
K3F-I that has a specific activty greater than about 14,000 units/mg as determined by 
radioreceptor assay using piacente membranes, such as that avafebte tram KabiGen AB, 
Stockholm, Sweden. 

The most preferred IGF-I variants are those descrbed h PCT WO 87/D1038 pubished 

15 February 26J9B7 and in PCT WO 89A5822 published June 29, 1989, it., tiose wherein at 
least the glutamic acid residue is absent at postbn 3 from the N4erminus of fce mature 
molecule or those having a deletion of up to five amino acids at the N4erminus. The most 
preferred variant has the first three amino adds from the N4ermhus deleted (variously 
desipated as brain IGF, tIGF-l, des(l4)-IGF4 t or des^GR. 

20 Recombinant human IQF-I (available commerdaDy from KabiGen AB, Stockholm, 

Sweden (specie activity > 14,000 UAng by radioreceptor assay using placental membranes) 
or avaSable for clinical investigations from Genentech, Inc., South San Francisco] was 
employed in all the IGF-I experiments detaled in the examples. The IGF-I was cfssolved at 5 
mg/ml in 10 mMctrate buffer and 126 mM NaCI, pH 6,0. This IGF-I was administered to 

25 three species, /.*., rat, rabbit, and mouse, to observe Is effects on spleen and thymus weight 
Dose-response studies were performed in the mouse and rat, and IGF-I was given to the rabbit 
with similar effects. In addition, B- and T-cefl numbers and responses to mitogenic stimulation 
were evaluated in the mice. Two animal models of GH deficiency and therefore IGF-I 
deficiency were used to demonstrate the effect of IGF-I on spleen and ttymic weight and size. 

so A third model of GH and IGF-I deficiency is the eged animaL Aged (18-montfK>ld) rats were 
used to demonstrate the effect of IGF-I on 9>leen and thymic size, eeliuiants archladure, and 
tt vtro response to mtogens. Ateo, adul ovariectombed rats, wth normal serum IGF-I 
concentrations, we re used to demonstrate the effect of IGF-I on spleen and tiymus In an 
animal that was not IGF-I deficient. 

35 As used herein, "GH* refers to growth hormone from eny species, hefodng bovine, 

ovine, porcine, equine, avian, and preferably htran (hGH), h native-sequence or h variant 
form, and from any source, whether natural, synthetic, or rocombhanL This includes both 
Met-hGH [U.S. Pat. No. 4,755,465 issued JWy 5, 1968 and Goeddel ef ai, Matin. 26Z 544 
(1979)], which is sold under the trademark PR0TR0PIN6 by Genentech, Inc. and is identical 
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to the natural polypeptide. w*h the exception of Km pnsww of » N4«mhal mrttionine 
residue, and recontotant hGH (ihGH), avalable to carries! and research Investigators from 
Genentech, he. undartha trademark Nutroph, and conmardaly avBUBbie from ED Liy, that 
k^trte methionine residue has an ar^ > 

s hormone. $*<^ **MB&Da>BS&t™ QW- Both inettGH and rnGH have 

«qurveJert potorcie* and riuvrnaoa^^ ♦ 
candBale la an hGH variant ftal b a piacantal iwrn of GH w8h pure somatogenic and no 
lactogenic activity. US. PaLtfc.4j670.383 issued 2 June 1967. Other examples of GH 
variartfsareos*crt)edhvra/90^ h addtton to GH. other 

io molecules whkii have the same activty 

hormone, for example fragment! of GH or antibody epecfcfwGH receptor eihlchala^^ 
a GH response, h addition, arryottwlwrapeuticagert 
<rf GH by nanfeulaiing endogew^ 

For example, an increase in continuous expression of GH may N achieved by the 

« adfliWstraifen of steroid hormones, for exantfc estrogen art 
agerits that hereases we endogenous produ^ 
GH thereby stimulating the immune system, and other responsive tissues. 

As used herein, the expression "intermlttant administration" or the term ■Wermttenr 
both ref er to the therapeutic use by hjectlon, or other sua^ n»»^, aueh it lung or nasal 

20 administration, of GH or QH plus K5F-I formulation h a short time htervei, generaly less Iran 
60 minutes, preferably less than 30 minutes and most preferably in less ton 10 minutes. 
There is delivery of a bolus of GH or GH plus IGH. This ruKnttent bote deflvery of the GH 
containing therapeutic conposttton may be every three or more days, preferably every 4, 5, 6 
or more days, and most preferably every 7. B. 9. 10. 12, 14, 16. 18. 21. 24 or more days. 

25 As used herein, the expression •continuous present ref ere to t*f*e*«iu^ 

affective plasma, serum or Wraeellutar fluid concert^ TheGHis 
present in delectable amounts, el a ccnMrtration sufficient to stimulate GH responsive 
tissues, and 1he level present is not betow a level the GH responsive tissues respond to as GH 

free. 

30 as used hereh. the expression •Ixreasingantl^ 

to raising the serum hnwnoglobulin OpG. IgA 
d the antirjen against »Mch the viti^ 
nKrjorwexajrJeenirweaselntta 

weO as an herease in the number of rVceJs h the palx^ TnetoTOitogencmbea^that 
35 raise antibodies rjrectrftie^ 

The hvention is particularly useful for those instances where the mammal or avian is infected 

wlm a virus that has an Irttubation tirrie 

mammal or avian, such as. a*, rabies. ThelGWhen^decreessetheirUeivalDetween 

prifTary erri secern rmum 
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boosts of irnmunogan. Tht hventfan is Uso useful in promoting rmiuriizatiefl tvough the use 
of GH or GH plus K3F-I as horrnona) adjuvants to house both tie rate ol artfbody 
production, s^fv»mounJ or n^lucto This honnonal adjuvant 

ai»ina«amtr«c«^lTini)«r«paris«. 
s AsussdhsfB*>,t^«o^assionTrcwashg^T^ 

tia subject suffering from i condition fa which insufficient T-heto or T<ytofytie activity 
occurs rotas to raising the level of T-heber and/or T<ytolyuc eafl activity of tht marnmal ti 
response b an bimunc^efl to which T< cab 

bacteria, tie. A subject wtti Insufficient T-htlp or T-cytoiytic eetMry it a mammal that has 

10 , ! orm ? 1 01 T * eft*** **s (as determhed. e.p. by 

CD^CDg markers) necessary to, tor example, secrete antipodes, activate macrophages, 

and til target eels such as vtasy Woded or tumor eaUs. 

As used herein, the expression Yestore imrnunly* si a mammai means to bring the 
level of immunity of the rnammal back to normal, whether by factoring splenic or tiymic cells 
15 orbyticreasingT-celresporaweriessortheamou^ 

As used herein, ihe expression mammal refers to any mammal but especially 
primates, bovine, ovine, canine. Wine, equine and redaotia. Speclcafly It hdudes human, 
cows, horses, rats, mice, rabbits, monkeys, cats, dogs and pigs. 

20 B. Modes for Camrine Out it* lm»ntinn 
PEG-hGH Summary 

We have made PEGytated hGH and PEGytatad hQH-hQH bhdng protein complex and 
show the increased half-Be h phsimacokinetic studies and higher potency in rat weight gaii 
studies, immuwgenicity and toxfcty in mice have also been studM. Random PEGylation and 

25 sfte drafted PEGylation were both used and chaiadertzed. 

The present invention dearty shows that the sx. administration of hGH as a 
continuous Musion or PEG-GH as daiy or infrequent MermJttent injections are optimal modes 
of GH delivery to affect the growth of the thymus and to stimulate the immune system. 
PEG-GH is a particularly attractive method of practicing this invention, none 

so example we show that onty 2 injections of PEG-5 hGH 6 days apart leads to a targe 

overgrowth of the thymus. In another example, we show that smal doses of hGH given for 
24 days are ineffective at sArwbating tfiymic growth, yejl ttta tarn doaeia of h6H 
greatly increase trymic size. Of great utiiy to the practice of the invention is the 
demonstration fiat to achieve optimal thymic size fie PEG*5 hGH should be defvered as 

35 Mraquant Ejections, h fie at at Werv&ls of every 6 days. Stnaarfy for other GH Dependent 
laaponsas, WermttentGH admirustration of PEG-hGH resute in superior growth stknuhtion. 
In another exampie we show that met-less hGH also has the desired efficacy when I is 
pegylated. GHBP in combination wflh GH results In similar stimulation of GH nsponses and It 
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may be administered fttermittertJy. High level continuous hbsion of 6H wi arfiieve simBar 
stimulation but with the use of substantia^ peatar amounts of GH. 

The mschanism of ths snhanoed effect of continuous hGH on thymfc growth Is 
unknown, it is known tat optimal GH responses are sun on whole body or bora growth after 
5 pulsatie GH delivery. One might thereto predict that ths powth of ta thymus would also 
be optimaJwBh a pubatBs method of hGH administration. There art erayme ay* sms h the 
Iver where afferent isozymes are produced dapenting on ta pattern of GH a^oeuro, eomo 
are optrnaDy stimulated by ^ The mechanism of how the Mr senses 

oonthuous or pulsatDs patterns k unknown. The magnitude of this affect was qiite surprisfrig 
10 as 1 was possible to administer GH h dHervtf patterns tat had m equal affect on whole 
body growth yet an aknost aB or none effect on the thymus. 

We have shown tat the fiymus is restored h weight and in function by IGM.GH, or 
IGF*1 -f QH administration; that this increased mass is aooonr^aniod by «n bicraasad number 
of thymocytes, and that the eels produced are true precursor ceBs for TcaOs. Thehcreased 
15 mass of the thymus, Is rejuvenation in fact, found in ta present invention is translated into a 
positive beneficial effect on the immune system as determined by anfibody production, B-cell 
count or TceBcounL 

It would be expected that h man GH would have a beneficial restorative effect on 
immune function ri patients whose T<eb of the immune system are tacking or deficient. 
20 mention, therefore, provides the basis for a mode of administration of met hGH, mattes* 
hGH, and particularly of PEG-5 hGH (both met hGH and metiess hGH) which appears to 
the most effective form of hGH at producing this response, h addtion, PEG-hGH, ehce I 
produce the response equivalent to that of a continuous mode of administration, but using 
hfrequent Injections, seems the most affective and practical way to stimulate those hGH 
25 responsive tissues that preferentially respond to continuous hGH presence. 



hGH Thymus Effects 

In the present hvention, we made the surprising Aiding tat the response of ta 
thymus to GH is very dependent on the pattern of GH administration. The surprising aspect 

30 of the discovery is tat the response of ta thymus is optknal mder a oonthuous oposure to 
GH. Other growth responses to GH, for example those of the whole body or of bora growth, 
previously were found optimal when GH was given h a ptfsatie manner. We are tmeware of 
any other GH-taduced powth response tat is optimized by a continuous GH exposure. 
We first became aware of this use of GH in an experiment oomparing 

35 the effects of daBy GH injections and continuous GH infusions in hypox rats. The continuous 
GH was much more effective at stimulating thymic powh tan was the same dose of GH 
given by daly hfection. We tan looked more cbseJy at resuls obtained from admMsterhg 
PEG-GH to hypox rats. Again PEG-GH gave much greater thymic growth tan did 
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wmodifiadhGH. Wt obstrvod ftb rfloct wtt both pogytatad m*hGH (pcotropin) «>d 
ptgytalod mtiltss hGH (rhGH or nutropin). 



Methods of hGH Ptjytatlofi 
s 1. PEGvtatfon with rr^oxDotvethyton* chcol artehwte ftto-pge atrkhwdrf hv 

BPCVTgaQn boo ouniicaisQn 

To 2mg/mJ of hGH h PBS pH 7j0, 5mM of Me-PEG aldehydo-5000 (molacutarwtignt 
5000 dalon) and 20mM of NaCNBH3 win added and gently mind at reom ttmptnturi for 3 
hours. Etf«noJanwwastfwtdctodto50n^ 
10 M«-PEG. The mixture was separated on anion exchange column, FPLC Mono Q. Tht surplus 
unreaded Me-PEG obesnl bind to column and can then bt Mparattdfrom tf» mixture. Two 
main PEGytated hGH fractions were obtained win apparent moL wl of 30K and 40K on 
reduced SDS-PAGE, vs 20K of the unreaded hGH. HGH-hGH brxSng protein complex was 
PEGytated in the same manner to give a derivative of 150kd by gel titration. 

15 2. PEGvlalion with N-rtvttoxvsucrinmirM PE6fNHS.Pg6) and purifieatlfln 

To a solution containing 2mgrml of hGH kt 50 mM of Na-borato buffer at pH 8.5 or 
PBS al pH 7, NHS-PEG was added at a 5-fold motor excess of tie total lyaine concentration 
of hGH. and mixed at room temperature for one hour. Products were separated on Suptrose 
12 sizing column or Mono Q of FPLC. The PEGytated hGH varied h she depending en the pH 
20 of the reaction from approximately 250K for reaction run at pH 84 to 40K for pH 71) as 
measured by gel f ftratbn. The hGH-hGH binding protein complex was also PEGytated the 
same way with resulting mol. wl of 400 to 600Kd from gel Oration. 

3. PEGvtetiart at the tystelne mutants of hGH with PRVmateimieto 

A single cysteine mutant of hGH was made by site-directed mutagenesis, secreted by 
25 E ccf 16C9 strain and purified on an anion-exehange column. PEG-maleirnide was made by 
reacting monornethoxy-PEG amine with autfo-MBs in 0.1M Na-ohosphale pH 7.5 for one hour 
al room temp and buffer changed to phosphate buffer pH 62. Next hGH with free extra cys 
was mixed in for one hour and final mixture was separated on Mono Q column as in Me-PEG 
aldehyde PEGytated hGH. 

30 4. Characterization of PEGvtated hGH or hfiH-hSH hhOna amtrtn cfttnatat 

The product hGH was characterized by SOS-PAGE, gel titration, NMR, tryptJc 
mapping. LC-mass spectroprxrtometry, end to rtn> biological assay. The extent of 
PEGytation was first shown by SDS-PAGE and gel filtration and than analysed by NMR. 
which has a specific absorption peak for the hyotyen of PEG art to lumber of P 
35 en each molecule can be calculated. Pofyacrytsmide gel eleetiopho 

in redmd condition and gel filtration was run on Superote 12 wBh PBS or 10mM Trie-HQ pH 
8.0, 100mM NaCt as ehibon buffer. To demonstrate which residue was PEGytated, tryptJc 
mapping was performed. PEGytated hGH was digested with trypsin at the protein/enzyrne 
ratio of 100 to 1 1n mg basis at 37C for 4 hr in 1()0rnM sodum aeatate. 10 mM Trie-HQ, ImM 
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calcam chloride, pH 8J3 and aaffiad to pH«4 to stop dfcestion before eeparathg on HPLC 
NucleosB (M8(4 jGftvnXISOmm, 5u,100A) and t* chromatogram was compared to fftat of non- 
PBGytaled starting mattrial. Each peak can than be analysed by mass spectrometry to 
verffy tha sire of tha trapnent h tha peek. Ws found the fragments) lhat any PEG group 

s usually are not retained on fte HPLC column after Injection and dsappearfrom tie 

chromatograph. Such dfeappearanca from tie chromatograph k an hdcatton of PEGytation 
on that particular frapnent which shouti artah at most one lyshe residue. PEGytated hGH 
was assayed for He abffly to bhd to the hGH bhdhg proteh (hGHBP) and tiU birring was 
conpered to the bhdhg of norv-PEGytaled hGHBP as deserted (REF) as an in vtro btobgical 

10 assay. 

PEGytation of hGH 

The various PEGylation methods used produced mainly three kinds of PEGytated 
wild-type hGH. with apparent molecular weight of 30K, 40K, and 100K on reduced SDS* 

15 PAGE Whereas h the size exclusion chromatography, the ccnespontfng molecular weight of 
this three PEGytated hGH are 35K, 51 K, and 2S0K which shotfd be dose to their native 
hydrodynamic volune. These were designated PEG-hGH-1 , -2 and 
•3. From the resuts of the tryptic mapping, ths PEG-hGH-1 and -2 both had the N-tenrinal 9- 
amho-acid frajjnent missing from the chromalogram and possMy pegytated, which could be 

20 confirmed by the mass spectrometry of tte 

the LC. From the molecular weight on SOS-PAGE, PEG-hGhtf may have one PEG on the N- 
terminal amine, and PEG-hGH-2 may h8ve two PEG on the N-termhal amine, forming a 
tertiary amide. The PEG-hGH-3 has about 5 PEG group per molocuii based upon fie NMR 
result, and on the tryptic map, at least 5 peptide fragments were missing, meaning they are 

25 pegylaled. The sites for adding PEG groups to hGH were N-terminal Met, K3B, K41, K70 v 
K140, K145. K158 and K158. Two lysines (K) which appeared to not be pegylaled ware K115 
andK17l AHhough tie three pegytated hGH showed decreased bMing affinity to the hGH 
binding protein in the h vtro bhdhg assays by 2-3 fold, the rat wei^ gah studies surprising 
showed thai they al are more potent molecules than the wid-type by at least 3 fold, which is 

30 apparently due to the increased GH eerum hal le. We made two khds of pegytated hGH- 
hGH bhdhg protoh complex wBh 2 or 19 PEG per hGHBP moleajie, and both showed higher 
potency h rat weight gah assay than hGH by Isel, but not sfgnflcantiy higher than the non- 
PEGytated complex. This tack of an hcrease h PEG«hGH activity over hGH-hGHBP 
complex may be due to the complex tseff akeae^ havhg a high enou^ molecuta wei|^ ab^ 

35 thecuWffdthettheyfltr^ MJ. et al J. BioL Cham 263, 

15064-15070, 19B8). 

For the various purposes of this invention, the GH or GH plus IGF-I is drectfy 
administered to the mammal or avian by any suftable technique, including parenteraly, and 
can be administered locally or systemcaDy. The specie route of edmhistration wll depend. 
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$.g* on tie medfeaJ history of the patient hdudmg my perceived or ertx**ed side eflects 
usinglGF-l. Exarnptes of parenteral aotaWstration inch^ mAouIwmous, intanumiv, 
Intravenous, htraarterial, and intraperitoneal admWsuation. 
Theadrrinistntikwof GHorGHpfasIGN 
5 mhe^nBseuchesoanotfcpumpeorln^ 

htramuscuJar or subcutaneous moans. Preferably, the admhistration b autoaaneous tor GH 

orGHptusKSF-l. TJieadmnistntionrriayaJsote^ 

tomwlauon. Most prferrtly, the GH or GH plus IGHb 

or by bods tor those formulations navhg a long plasma haMfe. 

10 fcad^,th*GHc/GHpto!GF-llssutab!y acfcv^rsdtoo^trwwthariyoneor 

mora of lh»ir bindng prolftins. Us^ w«h IGNIor«xanp)tXFBP-2,Hy.BP4,orrnc«l 
preferably, GFBP-3, which is descrbed in WO 6909268 pubfahed October 5, 1869 and by 
Martin and Baxter, J. Biol Ch«m 2fil: 87544760 (1986). This glycosylated protein tan acid- 
stable component of about S3 Kd on a rwrweducing SDS-PAGE gei of a 1 25-150 Kd 

15 glycoprotein complex found in human plasma thai carries most of the endogenous IGFs and is 
also regulated by GH. The K3F-J is also suitably coupled to a receptor or antfcody or antt>ody 
fragment for administration. 

The GH or GH plus IGF-I compositions to be used in tte therapy wl be formulated and 
dosed in a fashion consistent with good medical practice, tatirtg Irito acoo^ 

20 condition of the svSvidual patient (especially the side effects of treatment with OH or GH plus 
IGF-Q, the sBe of defray of the IGF-I composition, the method of a dmin istra t io n, the 
scheduling of administration, and other factors known to practitioners. The 'affective 
amounr of IGF-i for purposes herein (neludhg an irrrmne-stimuJathg effective amount) is 
thus determined by such considerations. 

25 As a general proposition, the total prorrracetiticaly effective amount of the IGF-I 

administered parenleraDy per dose era be in the range of about l jig/kg/day to 10 
mg/kg/day of patient body weight although, as noted above, this wU be subject to 
therapeutic discretion. More preferably, this dose la at hast 0.01 mgfcg/day, and most 
preferably for humans between about 0.01 and 1 mgkg/day tor the hormone, if given 

so continuously, fte IGF-I is typically adrninisterad at a dose rate of about 1 uglcgmour to about 
50 ugftgmour, either by 1<4 injections par day or by continuous aubculanaous infusions, tor 
exanpie.ushgerriTtpump. fn htraveraus t«g solutk* may siso N The key 

factor in selecting an appropriate dose is the resut obtain as measunri by tenses in 
antibooy pnxJuctnv incraas^ 

35 etc 

A course of IGF-I treatment to affect the Immune system appears to be optimal I 
corrunued bnger than a certain mWmurn numbr of days. 7 days h the case of the mice. The 
length of treatment needed to observe changes and the interval iolowing treatment tor 
responses to occur appears to vary depending on the desired affect 
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The K3F-I is also tulabiy edmWstered by sustahed-reiease systems. Bubble 
examples of euslafoed-reJeaso composeions hcW«i«*p«n«B8btopolym0rin<ifc«h*e 
form of shaped artlctos, t.fl; flms, or rrdcrocapsuie*. Sustained-release matrices indude 
polyladides (U.S. Pal No. 3,773,919, EP 58.481). copolymers of l«dutamfc odd and gamma- 

5 •thyM.-flkitamate (U. Sidman if ai, Baootymers. 22, 547-556 (1883)), potyP-hydraxyrtiyl 
methaoyfee) (R. Langar at at, J Rhmad m*t R«.. jfi: 167-277 (1881). and R. Langar, 
Rhcm Tech.. 12: 88-105 (1882)), ethylene vinyl acetate (R- Langar af 4, JgJ or poJy-O- t»-3- 
hydroxybutyric add (EP 133,888). Sustained-release CW oomposSona ate hduda 
fposomaly antrappad K5F4. l^osomMoortaWr^GRaripnvar^ 

10 ». nc » »« in- Cpd.h «f */ Pnv» Matt. Acad. Set U-SA. 82: 3688- 3692 (1885): Hwang « 
al, EraJlalLAalSfiL U*Jl. 72 4030- 4034 (1980): EP 54322: EP 36*78; EP 88,048; EP 
143.949; EP 142*41 ; Japanese Pat Apph. 83-118008; U-S.Pat.Noe. 4,485*45 and 
4544*45; and EP 102*24. Ordinarily. He liposomes an of the small (aout2OW00 
Angstroms) unilamellar type In which tf» Bpid content b greater than about 30 moL percenl 

15 cholesterol, the selected proportion being adjusted tor the optimal KSN therapy. 

For parenteral admirustralion, h one aniboolfnerl 1 fteGHorGHplual6F-lls 
formulated generally by mixing a at the desired degree of punty, h a irt o^ge hjedable 
form (solution, suspension, or emulsion), wBh a pharmaceuticaDy accaptabla carrier, L$ n one 
that is non-toxic to recipients at the dosages and concentrations employed and a) compatible 

20 with other hgreolents of the formulation. For example, tfw formulation preferably does not 
include oxxfeir^aoerts and other ecrrx»urris 

GeneraBy, the formulations are prepared by contacting me GH or GH pfca IGF-I 
uniformly and intimately with liquid carriers or finely divided so6d carriers or both. Than. I 
necessary, the product is shaped hto the desired formulation. Preferably the carrier is a 

25 parenteral carrier, more preferably a solution fcat is isotonic with the Wood of me recipient. 
Examples of such carrier vehicles include water, saline. Ringer's solution, and dextrose 
solution. Non-aquaousvahides such as feed oOs and elrtf cfeale are also useW herein, as 
we! as liposomes. 

The carrier suitably contains mhor amounts of aiioltives aueh a» aijbatanoas that 
so enlwce isotoniciry and chemicaJ eta^ 

dosages and concentrations entpbyed. arxi hduoe buto 

sucdnata. acetic add. md other organic acids or malr sals; artkaio^ airt « tscorbic 

add: tow molecular weight (lass than about ten residues) pdvr^ptidas, a.^ 

frfoptrtfT- pmtainct, «s wrun afcumh. oeairt. or immunogfabuins; hydroptuic polymers 

35 8 uch as odvvhylpyiTOD^ 

an^ir* monosaccharides, dtectu^ 

derivatives, glucose, tnannoee. or daxtrinr, chelating agents such as EDT* sugar alcohols 
$uch as manrJtol or sorbite^; eourterions au^ 
polysorbates, pobxamers, or PEG. 
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TheGHorGH plus K3F-1 is typicaBy formulated h such vehicles at ■ c onee rtiali uin of 
about 0/lmgAnl to 100 prifarabiy V10 mgM, s( t pH of about 3 to 8. OH is 
0«rw^stabl«ilspHcrf6ito8 ( rnortpr^ribly7itD7i. Futisngth IGH is gonerafy 
stable s( a pH of no more fcan about 6; des(1«3HGF-l is stable at about &2 to 5. Iwlbe 
5 understood that use of certain of ths forigohg anfpisnt* 
the formation o( K3F-J sate. 

In addtfon, ths K3R, preferably ths fuHsngth IGH is eitiaty formialed h a 
suitabls carrier vahicfe to form a pta h 
one entodimert, the buffer used for to 

10 employed irnmeiately upon mixing or stored for later use. f smpioytd immadatsly, tht fuB- 
tongth IGF-I can t># formulated h mannltol, glycine, and phosphats, pH 7.4. 1 Ms mtture is to 
be stored, I k formulated in a buffer at a pH of about 6, such as citrate, wth a surfacant 
thai increases the solubity of the OH at this pH. such as 0.1% polytorbate 20 or potoxamer 
188. The final preparation may be a stable fquid or tyophlzed sold. 

15 GH or GH plus IGF-I to be used for therapeutic adnnistraiion must be sterle. 

Sterility is readily accomplished by flration through sterile Oration membranes (e.p. ( 0.2 
micron membranes). Therapeutic IGF-I composftions generally are pieced into a container 
having a sterile access port, for example, an intravenous solution bag or vial having a stopper 
pierceable by s hypodermic hjedfon needte. 

20 GH or GH plus IGWor IGF-I alone ordnariy wO be stored in unit or mutktose 

containers, for example, sealed ampoules or vials, as an aqueous solution or as a lyophiized 
formulation for reconstitute. As an example of a lyophffized formulation, 10-ml vials are 
fated wSh 5 ml of sterite-filered 1% (w/v) aqueous IGF«I solution, and the resuthg mkturs is 
lyophilaed. The hf usion solution is prepared by reconstituting the lyophfaed IGF-I using 

25 bacteriostatic Water-foMnjection. 

It is noted that hGH is stable at a higher pH than IGF-I, e.g., 7.4-7.8. When GH is 
adnhistered, it is suitably administered together with one or mors of Is binding proteins. A 
well characterized such binding protein is the higfvaffiniy grow* hormone binding protoh 
(GHBP) constHuthg the otiraceQutar domain of the GH receptor tat drcuiales in blood and 

30 tactions as a GHBP in several species [Ymer and Hertngton, Mol. Cell Endocrine.. £1: 153 
(1 885); Smith and Tabmantes, Endocrinology. 123: 1489-1494 (1988); Brtner and Roos, Ada 

Endocrirw^ J Cfcl 

gndoerfnot Merab.. fifc 134*141 (1966); EP 366710 pubbhed 9 May 1990; Herirtfon ef ai. J. 
StoJOOSL ZZ: 1817-1823 (1986); Lauig ef al, Nature. a3£fc 537-543 (1967)). A second BP 
as wfth lower affinity for GH has also been described that appears to be structuraBy wetted 
to the GH receptor (Baumann and Shaw, J.Cfci Endocrhol Metah .. & 680486 (1990)). 

The doses of both GH and IGW can be less I used togslhorfcanllGF-lis 
administered alone. It is noted that practitioners devising doses of botfi KSF-J and GH should 
take hto account the Imown side effects of treatment wih these hormones. For hGH tie side 
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effects include sodium retention and expansion of extraceMar volume [Udcos at at, Ada 
Phrfoemfll. (Copenhagen), & 341-361 (1859); Bigisri $! aL LCtiLJl&StitiJtiBZL. 2t 361- 
370 (1961)], as weU as rr/perhsufoemia and hypergtycamfe. Ths major apparent aids •fleet 

ibcj i> >^ r tf r -~. fft„Ur f f Pttv Matt Aaid Set USA. 1089. Mian) 

s Preferably, tha GH and or IGF-I * adrinistered in conjunction w(h (£«, before, at the 

came tine as. or after) a vaccine, such as an AIDS vaccine (For example, a gp120 or gplSO 
vaccine or a cocktail of gp receptor«based vaccines) , elher during Mial hvnunizafion or 
during a boost of the vaccine, to ensure IrOTased entbody response. Most prafeiably, the 
GH alone or wth IGP-I is phren at the time of each boost Theueeof GH atone or wlhl6F-l 

10 and wto vaceir* wB irereasa fte effect*^^ 
who have oorr^rcrnised immune systems. 

GH, GH plus IGF-I, or IGF-I may be fcerapeutfcaly used to stimulate fto immune 
system, particularly the lymphocytic portion of the htmune system foflowing 
mmuriosuppreswe/cytotoxfc therapy associated with transplantation, cancer therapy, and 

15 the teaUnent of autoimmune Diseases. These compounds could be used to restore the 
lymphocytic arm of the immune system in a manner analogous to the way G-CSF is used to 
restore the phagocytic arm of the immune system. 

Corticosteroids lead to a marked increase in the propensity for viral and fungal 
Mection. GH, GH plus IGF-I. of IGF-I alone could be usedto mffigate this increased propensay 

20 to infections. Furthermore, these compounds could be used to improve the treatment of other 
chronic viral diseases such as chronic hepatitis, cytomegtovirus. irr/oeertftJs and encephalitis. 

ttfe another embooTmert erf this invert 
determheJtheyhave low serum GH or K3F-I levels that could cause fieir malady and that 
could be reversed by treatment wth GH or GHptoslGR Such human patients might Include 

25 those who are aged, underfed, irairwurished. or IL Diagrtoshgfte serum GH or IGW level of 
such twnune-deficient patients and restoring GHorlGF-l bk»d concentrations kiftose 
patients with tower-tharwiormal serum GH or IGF-I levels by administering an amount of GH 
or GH plus IGF-I effective for fiat purpose would restore Imrnunity in the patient 

Diagnosing GH and IGF-I levels in a patient can be accomplished any standard 

30 teehruqutbutistypkalr/doftobys 

anO lCr I anttifnjint rr +rr " ** cen tiweat. 60: BiMS7 (19771: 

P .i — ■ pi — ,j np* ****** ^MM»bd.4ftm777rtg7fl);andZaplafaLJ^ri 
tw«t. 88: 1321-1330 (1981). Methods for precisely cttenrinhg ti» pitsanca of GH and 
GHBP are described in 07/615J538, filed 19 November 1990. 

35 Trie tivartion w9 be n»ni fuiy unrJento^ 

They should not, however, be construed as imMng the scope of the invention. 
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EXAMPLE 1 

GROWTH HORMONE STIMULATION OP RESPONSIVE TISSUES 

5 "two seta of expentaento.tw respond 

was demonstrated 

In t first series of experiments w» have isad dHerent strate^ to deftver GH in a 
iramerlhaf causes tissues to be atrx* ooifrually exposed to GH. In the first study we 
geve exogenous hGH by tijection or by osmotie minbump. In Ws study the effect of inactions 
10 end Wustoni of hGH wtrt compared directly in hypophysactomizsd rite (B5-105 g). Thtrats 
wtni anaesthetized arid inplanted wtt 

eacfeient. The rals eiso received daily subcutaneous Ir^ecUonsdelherhGHoraxdrjienL 
There were the blowing groups (nc5 per group): 

H recefcad «rcW*nt hv Infection 

is 1) hGH 5.0 mg/kg/day by pump 

2) hGH 1.0 mpAg/day by pump 

3) hGH 02 mgfcg/day by pump 

4) hGH 0.04 mg/kg/day by pump 

5-9 received «chierH hv Minhiimn 

so 5) hGH 25.0 mg/kg/day by tijection 

6) hGH 5.0 mg/kg/day by injection 

7) hGH 1.0 mg/kg/day by injection 

8) hGH 02 mg/kg/day by injection 

9) hGH 0.04 mgfcg/day by tijection 

25 10) Excipienl treated control rats (excipient injections and pumps). 

We found that GH given by rnhipurnp induced much greater weigtt gain and bond 
growth responses than the same doses of hGH given by tijection. For example, the weight 
gain at 5.0mg*g/day hGH by rejection was 18.S±1.7g. compared to 32it1.Bg by mHpump, 
almost double the response, in addition, infusions of hGH were much mote potent at 

so stimulating spleen growth. It appears from Table I that hGH is aknost 5 tines as potent at 
stimulating splenic growth when I is oeivered by rnrxpump. TheeereeuU show that the 
ebifity of hGH to stimulate immune tissues is aided by hGH deiVery in a continuous manner. 
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Table I 

Weight Gain and Spleen Weight Fbfcwing 
hGH GhwnBy Wactioncryintoump 



| Group 


WtGah 
Injection 


WGain 1 
Pump 1 


Spleen | 
Injection | 


Spleen 
Pump 


Bdplent 


U 

±13 




203 
t 37 




hGHOXK 


10.4 
±2.4 


Hud 
*2,1 


225 
±18 




hGH 020 


13£ 
±25 


168 
±2J 


224 
±41 


264* 
± 33 


hGH 1.0 


ia9 

±3.1 


24.8~ 
±2.4 


264 


320- 


hGH 5.0 


195 
±1.7 


*1J 


299 
±22 


382- 
± 37 


hGH 25.0 


29£ 
±2.1 




3B9 





Compared to am* dose dgfiv»r»d by hjtdion • p^J.llp^lirtr^ p<0i»1 

in this second series of experiments the ability of i continuous hGH infusion of hGH 
alone, or hGH+hGHBP by minipumps to stimulate growth of the thymus relative to other 
organs was demonstrated. Bobs injections of hGH or hGH+hGHBP dti not resut in any 

differential preference for thymus growth. 

35 female hypox rats (Purchased from Taoonic, Gemwrtown, New Yoric) of 85-105 
g t were weighed 4 times over 10 days to estabfish growth stasis (weitft gain or loss of less 
than 7 grams). They ate peTeted lab cfiet and drank water ad btum. They were group 
housed (Sfcage) in a room controlled for Ighting and temperature. They were then 
randomized into 5 groups of 7 rats per group based on their initial body weight The rats were 
then treated subcutaneously for 7 days with : 

1) Excipiert Implanted pumps and excipiert inject 

2) Daily injections of rhGH (0.1 mgfcgttay) 

3) 2) above plus GHBP (1 -55 mgfcgfday) by mWpunp 

4) Continuous Infusions of rhGH by osmotic mhlpump 

5) 4) above plus GHBP (155 mgfcgtiay) by minipump. 

The hGH used was thGH (Nutroph, Lot N8267AX, G042A) dksoked in sterle water. 
The GHBP (1 -238) used was ^pressed h £Qo4 and dssofved in fie fhGH excipienL The 

•scrpiertnMpi^ M 
injections (p.1 ml) were given subcutaneously h •» 

were purdiased from Aba (Abet minipumps, Model 2001, punp mte 153 ii/h) t and were 
tnpianted sx. on the bade un^ The rats were sactficed 

after 7 days (7 injections) and organs harvested. Group means were compared by ANOVA 
followed by Duncan's test The means and standard deviations are reported. 
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»«iit and relative growth response, but oikta «u , n 



15 



20 



25 



30 



Group 



1 JExcipi 
ent 

2TGH 
inject ion 
3)17 
+ GHBP 
4J1SJT 
infusion 
5)4) 1 
+ GHBP 



weight 

Weight 
Gain (g) 



Table II 
Gains and Orpine Wat 



Liver 
%Bwt 



Ihtt In HVDOit Bate 



iney 
%Bwt 



Compared 



ireaiea tats, • p< 0.05, " pcOOil 



1 Thymus 
(mo) 


J Thymus 
%Bwt 




|o.2>6 " 


1 ±31 


1 ±0.032 


128 


0.279 


±33 


1 ± 0.027 


330 


0.284 


±46 


1 ± 0.040 


401 •• 


o\340- 


± 67 i 


1 ±0.055 


418 ***| 


W«t99e£ 


±45 1 


±0.041 



••graant amount) after the tame doteofOH riven byhjeetion. 

Therefore, lb deaf that * this dose of hGH (0.1 mg*^) eertlnuous 

w myinus shows a stror^ growft ftsp^ 

in ifigurslA and IBthe weight (rf«P^h rats reeeh^hOHerhQH plus QWfw 

« .dwarf rats (dw/dw) for hGH alone « 5 doses (32. 8. 4, 2, 0 S, 4 0.125 mg^day) or 
at 4 doses (8. 4. 2 05. 4 0.125 mgtgfey) plus GHBP (at 2x the GH imtmrnrnkH 
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basis Le. 16, 8 V 4,1. 03 mg/kgtey Of GHBP). The spleen shows a huge growth response to 
GH ♦ QHBP wfih tht responses for GH and GH ♦ GHBP being nofrparalel. The hty dose 
complex Muced splenic overyowtK^ 

non-GH deficient 1500 rats average 500 mg. The maxinruin response to GH plus GHBP was 
5 graaisr than for GH alone. As the madman response was dBerert and tie curves am not 
paralel an exact potency estimate cannot be obtahed. But 2 mgftgfaay of GH ♦ GHBP 
gave equivalent growth responses to 32 mgtyday of GH alone, euggesting a 1Meld potency 
dlference. The ne^paraBeBsm suggests that t» response to GH + GHBP is quattatively 
dlferent to that for GH alone, and fiat the dlference could be due to tie GHBP gMng a 
10 more continuous GH erasure end a larger response, dearly the rate of weight gain for hGH 
ptos GHBP is substantially greater. This increased spleen weight gain is also plotted as a 
percent of total body weight (figure IB). 

B- Doffl RflfPOfffift 

15 55 female hypox rats (Purchased from Ttconfc, Germantown, New York) of 85*105 

g, were weighed 4 times over 10 days to establish growth stasis fluetjj* gain or loss of less 
than 7 grams). They ate peBeted lab (Set and drank water ad Mum. They were groip 
housed (Stage) in a room controled for Getting and temperature. They were then 
randomized into 11 groups of 5 rats per group based on tteir initial body weigW. Thereto 

20 were then treated for 7 days with: 

1) Daily ex. injections of met-hGH (0.033, 0.1. and OA mgfegfttay) 

2) Daily si. hjections of peg*1 (0D33, 0.1, end 03 mgfeg/tday) 

3) DaBysx.njectfons of peg4 (0.033. 0/1, art^ 
4} Exdpient 

25 The hGH used was met-hGH (Protropin) dssoked in sterile water. The efficient 

injections contained the rhGH exdpient. Ail injections (0.1 ml) were given subcutaneously in 
the nape of the neck. The rats were sacrfficed after 7 days (7 Injections) and organs 
harvested. Group means were compared by ANOVA followed by Diran's test The means 
and standard deviations are reported 

30 hGHfrlucedweifpgahhalloflhogrot^ 

gain response to both forms of the peg<3H showed rou^ * 3^ l^rem to potency, gMng 
alargetacreasehweightgato(24g)h^ At stnlarwetfrt gains 

the PEG-hGH groups showed relative overgrowth of he thymus. Only the PEG treated 
groups showed relative organ overgr^ 

35 relative growth compared to excfciert injected contok The 
dose response curves shown in the figure 2 lustrate fte non-parallel nature of this response 
(non-paraDel compared to hGH treatment). 

Therefore, at stmOar weight gains the long-acthg PEG-hGH molecules preferentially 
affect the growth of the thymus. This large absolute and relative growlh response may be 



* 
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PEG-hGH molecules are cleared more stowfy and leads to a relative conftuous 6H exposure. 
Therefore that* observations support our earlier observation*, oomparfag minipumps and 
hjections of hGH, that a continuous pattam of GH exposure is tts prafanad maans of 
5 deCvertog hGH to aHact tha components of the immune system 

Treatment wfth Peg-5 hGH for 16 days resulted in torge increases in weight gain h 
hypophysectomteed rets. The same total dose of hGH or peg^GH was glvan every1,3or6 
days. The greatest growth response was achieved wfh pepMSH given every 6 days* the 
next greatest was with peg4tGH given every 3 days, tolowed by pefrGH every day . For 
io hGH wtti decreased frequency of kvection he powth response dodta 

DaSy injection of hGH was superior to injections every 3 (toys followed by Injections every 6 
days. This unexpected fenproved efficacy of pegJtGH given as Mroquor* k^ect^ 
unexpected as for a molecule wtti a prolonged haMfe I wtxid be ejected that continuous or 
daiy injections would be the optrnal pattern of deivery. 

15 

C. hGH Administration frequency 

42 female hypox rets (Purchased from Taconic, Germantown, New York) of 85-105 
g, were weighed 4 times over 10 days to establish growth stasis (weight gah or loss of lass 
than 7 grams). They ate peleted lab diet and drank water ad Mum. They were group 
20 housed (Stage) in a room controlled tor Ighthg end temperature. They were than 

randomized into 7 groups of 6 rets per group based on their Wtial body weigfrt. The rats were 
then treated tor 24 days with: 

1) An s.c. Injection of met-hGH (0.1 mg/kgfday) every day (10 objection) 

2) An sx. injection of met-hGH (0.1 mgfegtiay) every 3 days (30 utfnjectfon) 
25 3) An s.c. injection of met^GH (Q.1 ^ 

4) An sx. injection of peg-5 hGH (0.1 mgfegtiay) every day (10 ugfajoction) 

5) An s.c. injection of peg-5 hGH (0.1 mgAcgfday) every 3 days (30 uffb^jectfon) 

6) An sx. Injection of peg-5 hGH (0.1 mg/kg/day) every 6 days (60 ugflnjoction) 

7) Daily sx. tojedions of extipient. 

30 The hGH used was met-hGH (Protropin) cSssolved h eterle water. The extipient 

injections contained the rhGH extipient. AD injections (D.1 irt) «rere given eubcutaneously h 
the nape of the neck. On the days that GH Injections were not given (In groups 2, 3, 5, * 6) 
tojedions of eaDne ware given. The rats were sacrTeed after 24 days and organs harvested. 
Group means ware compared by ANO VA Mowed by Duncan's test. The means and 

35 standard deviations are reported. 

GH induced weight gah in al of f»e groups recofcty GH, but f» whole body we#tt 
gain response to the peg-GH was greatly enhanced, particular when gtven as Wrequent 
tojections, and especially m*»n given every 6 deys. In marked contrast, the whole body 
growth response to hGH dedned wth less frequent injections. 
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At stmflar weight gains too PEG-hQH groups showed relative overgrowth of the 
toyrnus. Despite causing lha body wsighl gain stK>«m h 3, hi^ctions of hGH si 0.1 
mg\g/day did not significantly increase the absolute or toe nlstivt sizs of the thymus. PEG- 
5 hGH irxrosed absolute thyrru/s size (by 
s hcreased relative toyrnus size. Therefore, mexknum thymus stimulation occurred wBh PEG- 
5 hGH administered every 6 days. 

The results summarized In Rgure 4 Mfcaie ttistf O.lrngfcp/oay hQH delivered as • 
daOysx. injection has Itlatffsct on tii«iynu,yilp^»1ielibod|fgn»«i Tha 
hereased actMy of PEG-5 hGHBocflfsmedbytastudy. I wouH be dKcuft, using current 
10 technology, to routmlyc**^ 
the present irwrtiwi a pactical way 

that the thymus responds to as continuous, yet tha "corthuous pattwn* em gWan « va^ 
infrequent injections. This approach obviously gives ha adnh^tntJon method of tie present 
invention a quick and affective means of bshg put hto toerapeutic praeta. 

15 

n METiffffi PEg- hfW 

48 female hypox rets (purchased from Taconic, Germantown, New York) d 85-105 

g, were weighed 5 timas over 8 days to estabisti growth stasis (weight gain or toss of less 

than 7 grams). They ate pelleted lab diet and drank water ad EbBum. They were group 
20 housed (6/cage) in a room controled for Ighthg and terrperature. They were then 

randomized Wo 8 groups of 6 rets per group rjasedw their i^booy weight 

MeMess rhGH (Nutropin) was pegytated by the method of AbuchowsW at aL 

(Abuchowski, A. at al, J. BioL Cham. 252, 3562-3586. 1^7; AbuchowsW, A. etai, Cancer 

Biochem. Biophys. 7, 175-186. 1964). F0urfonnofl)ePEG-5mGHwtnfssayao;abra^ 
25 pool as well as 3 pools based on arbitrary cuts of. earfy, mid, and late from a Sepharose- 

fractionaung sizing column The broad pool and tie 3 pools were tasted h the rats for 11 

days by s.c. injections of material from the 4 batches of PEG-5 hGH. 

Each rate received an injection (at 0.1 or 0j033 mglkg/oay) every sixth day (60 or 20 

ug/hjectton). Each ret therefore onry received 2 l^ectiorft Tha hGH used was fhQH 
30 (Nutropin) dissolved h starfla water . AB injection (0.1 niO ware rjto 

nape of the neck. The rats were sacrificed after 11 days and organs harvested. Group 

rneans were corrpe^ by AWVA follow Tharrwar* and standard 

deviations are reported. 

GH Muosd weight gain in al of the groups meatagGH, and to whole bocy weight 

35 response to toe c»eiar« PEG-5 toW 

PEG-5 met-hGH were confirmed wlh rhGH as I was found that the PEG-5 forms gave large 

growth responses whan injected every 6 days (27«d18gatWp*orfowoc«es). 

The organ weight responses were sanflar to tho» seen h tha pravloua asaniilts. 

When the weights of the ever, spleen, kidney and heart ware expressed relative to body 
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wai^th^wasradooM^lodtfMioftfMPE&liGHfonns. The only relative organ 
weigftistowhg a cbsc response relatiorrt^ The absofuto fiymfc weight 

was greatly hereased by PEG-hGH, for fx bread pool (tqutabm to tfw preparations of 
PEG-hGH wad fi tho previous examples) tht absolute tymus welgre was hereased tor 60 
5 Ji3^PEWrhGHto512±83mg.and*x20pgo(l^mat««to401±Mrng,wlhft« 
relative weights bono 0-41 ± 0.05% and 0 26 ± 046%, respectively. 

Therefore, a stn3ar organ spediic selective grown rasponso cl thymus coti also 
be seen with pegytaed mat-lass hGH delvered to a mamer artown ti (he abova examples to 
be optimally effective. 

10 

EXAMPLES 

Evaluation of Organ Weights, B- and T-CaU Numbere, 
AiidftosponsetolGMIIteganfcSttnmdatlon 
Recombinant human IGF-t [available commerdaly from KabiGen AB, Stockholm, 
is Sweden (specific activity > 14,000 UAng by radioreceptor assay using placental membranes) 
or available tor dWcal investigations torn Genentech, Inc., South San Francisco] was 
employed In aB the K3F-I experiments detailed in the examples. The K3R was dssotved at 5 
mp/mlh 10mM ctrete buffer and 126 mM Nad, pH 64. 

This K3F-J was administered to fvee species. ie„ at, rabbi and mouse, to observe 
so its effects on spleen and thymus weight Dosawasponse studiM were porfonned to ^ 
and rat, and IGF-I was given to the rabbit with sjmsar affects, to actttton, B> and T<eO 
numbers and responses to mitogenic stimulation were evaluated in the mice. 

L Bats 

25 Two animal models of GH deficiency and therefore IGft deficiency were used to 

demonstrate the efled of IGF-I on spleen and thymic weight and size. A third model of GH 
and IGF-I deficiency is the aged animal. Aged (18«nonth-oJd) rets were used to demonstrate 
the effect of IGF-i on spleen and thymic size, celulants archlecture, and n vto response to 
mitogens. Also, adul ovanec to m ue d rets, wth normal serum IGF-I concoittrations. were used 

30 to demonstrate the effect of IGF-I on spleen and thymus to an animal that was not IGF-I 
deficient. 

In two separate h vivo studies. K3fH GH, or K3R pkjs GH were adrntoktered lor 14 
days to aged 18-morth-old rats to (tetormm whether IGF-J eoitt toota 
95 spleen and ttymus in this model of thymic regression. 

ulQssJgn 

Male Fischer 344 rats of 18 months of age and 400-500 g were purdased from 
Harlan Spregue Dawtey (HSD). These rats were bred by HSD for the NH tosftuto tor Aghg 
and are the standard rat model used in aging studes. In Experiment One, 7 rets/group were 
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employed, and h Experiment Two, 8 rats/group. Yotng F344 rats p> 6 «Nks old), «tiich 
were housed identically as e^erimenlal rats, were used as posMve controls. Thstreaonent 
groups ware: (1) cdpiart pumps, exoplent hjedbns. (2) IGF-I pumps, estoient Injections, (3) 
IGF-I pumps, GH hjections, (4) aoctolant pumps, GH injections, and £) young rats, 
s The K3F-1 was loaded into two mWpumps so thai 1.150 mgWday of IGF-I or 0.8 

mc/k^day of des-JGR was delivered sc as a continuous Huston. Tha rhGH (Nutfopi) brand. 
Ganentach, he. fomwlated at 2 mg^ ii 18 mg^ 

phosphata, pH 74) or bGH (Monsanto) was g>fan «• oaly ac faction ol 1 moAitfday. 
Tha axeman! pump groups received identical oujipaaWw»ftaaatolanl«orlGH(10rnM 
10 etrete buffer and 126 mM Nad, pH 6D), heremafter caled TGW antpiant' The treatments 
eononuad for u days. Tha animals not racaMng GH watt injected {0.1 m|) a*> hGH vehicle 
aachday. 

A! sacriTce, a blood sample was taken, and tha iver, kidneys, heart, apiaan, and 
thymus ware removed, blotted dry. and irmedwlely weighed. Trie spleen and tiyrnus were 
is knmedialefy placed in buffer and then cells were obtaned by digestion or physical rupture. 
The calls were counted and then plated out at unSorm density. The thymic cab were eutured 
with IL-1 (2 U/rnl) and phytortamagluUrun (PHA) (5 wvml) and thymic** exorporafion was 
measured as deserted by Masai at aL,l£mMaL 1^:470-476(1981). The spleens were 
tarnilarfy treated and two lasts of function ware performed. 
20 fln Results 

(n) gmertrnent One 

FuB-lengft IGF-I and rhGH wars employed in this experinenL Root 6 shows the body 
weight gain. After 14 days control rats had not gained weight GH-treated rats gained 9.6 ± 
11.4 g, IGF-I- treated rats gained 34.5 ±9.4 g, and IGF+ and GWreated iats gained 4&5± 

25 9Jg. Theresponse to fGF-l was cteany large, and tj*respc«e to GHptosIGH appeared to 
beaddrtive. IGF-I at the doses used was markedly anabofc. A vary dramatic affect d IGF-I 
treatment was the large tan in blood urea nitrogen (BUN) levels from 20.7 ± 2.4 mg/dL to 
controls to 1 3.6±1 J rno/cLafterlGRtreatrr^hGHhadrc A towered BUN 
hdicates an anabolic metabolic stale. The body weight gain data, toe increased organ 

30 weights, the lowered BUN. and the towered blood erayine levels all hdiCBle ftal fGW aias 
praluetig an anabofc stale wriere prt^ 
The effect of KSF-1 was dearly greater man that of hGH. 

There was a dear effect of K3F-I on al me organ weights, lirer increased by 6£%, 
kidneys by 16^%, heartby 18J%,ftymusby27^,arKlepleenby80JV Al tie responses 

35 were statistically ngriicant. The only effect of hGH was to reduce iver weight signScantry 
by8.8%. Combined GH and IGF-I treatment did not reduce the magrutuds of the effect of K3F- 
J on these organs, wBh one excepfion. Spleen weight was reduced lor the IGF-I pkaGH 
treatment compared to the weight of the spleen in the IGF-I atone group. 



WO 93/00109 



PCT/US92/04489 



33 



Total JGF-I tevak vara Incraasad by IGF-i aJm i iiumkm wlh orwthout eonourrant 
matmviL By fcutf, hGH dtt not signfficantly alavala bbod total IGN (avals. 

Tha cafe from tha harvasttd organs wan dsparaad and ttair response to milogsns 
naasurad. Table III ahows soma of fca data tor tha ihymus and apiaan. Thawat weJgr 
thymus was increased by K3F-J but not by hGH. Normal, young, 60-day-oki Rachar ra 
run as posiiva controls. 

TABLE B 



Group 


No. Sofean Cab 


No. Thymic CaBs 


Young Rats 


2B1±0JO 


4.43±0.79~ 


Old Rats Excipient 


272±D£8 


ai9±015 


Old Rats IGF-1 




JD9UD.66 9 * 


OU Rats IGP-1 +GH 


&Z7±1.47 


022X)Zr~ 


Old Rats GH 


2Jsms^ 





10 Values art Means and Standard cfiviations. 

{Significances: *p<0.05, ~p<a01 , ~p<0.001 vs Excipianf 



None of the thymi from the untreated old rats yielded sufficient celts to afew ful 
analysis in (issue culture. In contrast 8 of the 13 rats treated with IGF-I or IGF-I phis GH tid 

15 yield sufficient viable thymic ceBs. IGF«J treatment for 14 days caused a remarkable Wold 
increase in the number of thymic ceils, alhough the thymus of the younger rats stl contained 
substantially more cells. 

Growth hormone tended to increase the muter of thymic eels, but the affect (a 
doubling of the mean number) was not statistically siTifficant K3F*I plus hGH was also an 

20 effective way to increase thymic cell number. In contrast the number of eels in the spleen 
was not significantly increased by K3F-I or GH treatment atthootf the mean values of the 
IGF-l-treated groups were higher. Therefore. IGF-I could increase the wet weight of the 
thymus and also the nunber of cells capable of behg harvested. Then, any functional effect 
of the increased tissue mass and cell ntmber was tested r vi/o by measuring the responses 

25 of the dispersed thymocytes to mitogens, as shown In Table IV below. 
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TABLE IV 

Thymic cab from young md old FM4 rats. Untreated old raU al hid Imuffldwt thymic 

pels to nwlha assays. 



Treatment 


CafMo. 


PHA 


L>1 


PHA ♦ IL-1 


Young Rat 


456 


1764 


1360 


3349 


Young Rat 


4.80 


1780 


869 


3836 


Young Rat 


as 


2112 


1462 




Mean 




1688*193 


12701249 


3604±244 


Old Rats 


IGF-1 


037 


3078 


672 


11273 


IGF-1 


172 


3524 


102B 


3724 


IGF-1 


1£B 


3032 


-854 


6532 


IGF-1 


120 


1523 


929 




Mean 




27891572 


6701150 


717613815 


Old Rats 


IGF-1 +GH 


0S2 


10436 


1536 


18990 


IGF-1 +GH 


1X6 


5120 


2636 


17446 


IGF-1 +GH 


1.12 


7432 


2316 


13429 


IGF-1 +6H 


078 


5096 


1796 


7865 


Mean 




## 


* 

212U576 


ft 

144324-4966 


Old Rats 




GH 


072 


2006 


561 


4371 


GH 


082 


11263 


1780 


27021 


Mean 


■ 


• 


• 


• 



For both the PHA and IL-1 responses and their combination, the 



s tissue from the old rats showed a tendency toward increased actvty wBh IGF-1 atone 
compared to that from the younger animals, although this effect eras not statistically 
significant. There was no addarve effect of the IGF-J plus GH combination on the number of 
eels harvested It was therefore siaprithg tot IGM ptut OH had the largest and most 
signJicant effect on eil measures of tiymic function. Compared to fte rtaponses of the 

10 younger tissue, the PHA response for IGF-I plus GH was increased 37-tokJ and for the PHA 
plus L-1 combination the maponee was increased 44>ld. 

These data show that an increased mass of atynietieeuocanlMpfoducedinanaojd 
aninal usbg IGF-J, and after tie relatively period of only 14 days of IGF-1 treatment. 
There are previous studies in simDarty aged rats that show that both GH and prolactin can 
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bcrease «w size ml some aspects of thymic tMtto^.lntestoMindnmnx*^ 
2nd Ed, B. Aderet aL, ads, 1990, tupo;. 

I has also now torn shown that the Increased tiymfc tissue produced by K3F-I is 
functional tissue, h that it ean nspond to mitogens. Than wtra four times as many thymfc 
s calls h the young rats, but the cab from BF4traatsd old nts had an Ai vim activty that 
was Improvtd up to 4-lold. Thereto*, accordng to the factional tests used, trie thymus o< 
ths ofdar rets was essenaaJy rastorad to fat of a much youngar antral, to tie thymus the 
affaet of aging appaarad to have baan ravanad. 

ml Experiment Two 

10 In a saeond aat of 18-morth-oM rets, a ekntar axperimert was peifomed, except that 

bGH and des-lGF-l ware employed. Also tastad was tha actMty of daa-KSW and whatharthe 
relatively poor affect of hQH in tha first study was dus to hQH antfeodies (OH is vary 

antigenic in ths rat, bGH much lass so). 
The results are shown In Table V. 

15 



TABLE V 

Blood Counts: Aged rets treated wfth dn-KF-1 and GH; ef Young Rat 



Grucp 


WBC 


Lympcte 
Na 


1 1 ■ M ■ 1 ■ i bIS 

namaiocni 


RBC 
Na 


IICV 


Platelet 

Na 


a Control 
Old 


7.36*1,42 


4.32±0.75 


3BjQ±14 


7.58*0.49 


sai±i.i 


876129 


bds-IGF-1 


8.12±076 


4.23±0.41 




7.24*138 


51.8*0.5 


720*69 


cbGH 


6.97±0.96 


4.15±D76 


37.4±1.3 


7.39*0.32 


50M)i 


796±46 


ddes+bGH 


8.S2t±150 


4.80+1.16 


37£ttU 


7.01*022 


S&9±1j6 


783±98 


e Young 
Rats 


&92±124 


6.4046.81 




&5340.14 


57^±1j0 


897±68 



Means and Standard Deviations retf I 8. except for group (e) where (n-4). 



20 The weight gains with des-IGF-l seemed less tan in the first study, but ware stl supertor to 
the response to bGH. Thokictyartsiileenshowadlarpreap^ 
signlicanl response to GH. to geMrU.des-JGF-1 retimed the blood c*J ccurto towanj those in 

«m youriger aniniak 

treatment des-IGF-l tended to increase the whie Wood cell (WBC) and the lymphocyte 
25 numtwuhtntt This change k statta h amount to 

IV, in man. 

The reside ol thymic might, cell nunber, and percentage ol calk tiat wart PNA 

(peanut agglutinin) positive art shown in Table VL 
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TABLE VI 

Thymus CaB Counts; Agad F344 rate traaltd wtth dts-IGM and bGH; cf Young Rats 



Group 


thymus Wt 
(mg) 


OaDNa 

won 


PNA+ 

r%) 


a Excfctort OW 


8Q±35 


0£6ifl2 


24±12 


bQe$^GM<0.64) 


117±ZT 


35712.1- 


72t14~ 


C bGH (1.0) 


66±17 


130*06 


37±18 


ddas+bGH 


144±39" 


279±lf 




• Young Rats 


338±30— 




94J2~ 



Moans and Standard Deviations n>7 & 8, txctpt for group • (r*4). 



5 it can be seen that thymus weight was increased at sacrifice in the des4GF-l4riated rats. 
This e^eriment was designed to test tto origin and lyp»i of hcreasad o»l number in tte 
thymus. This dfccriminalion of the origin and type of cells was achieved by FACS analysis 
(described further below) using PNA as the specific masker for true thymocytes. PNA 
posfrve thymocytes are believed to be young precursor cets for T-ceBs. 

10 The young rats had 5-fold more thymic ceBs than the old rats. The number of eels in 

the thymus was Increased about 4^iold usbg de$-JGF-l alone or in combhation with bGH. By 
Kself , bGH increased cell number only two-fold. These responses confirm the observations In 
Experiment One. The percentage of the ceBs that were PNA posWve was imxpected. The 
young control rats had 95% PNA posftve eels, and the aged rats only 25% positive ceBs. 

15 De$-iGF-l by Itself h these old rats increased the percentage PNA positive cefls to 

72% of the ceBs. A similar number (69%) was seen for the de$*IGF-l plus bGH group. bGH by 
tsetf did not significantly affect the percentage PNA positive ceBs. This Mteatos that "rear 
thymic repopulation was being regenerated in the old animals, composed of precursor eels for 
T-ceBs. 

20 Therefore, de$*IGF*l produced a very dramatic effect by returning boh the number of 

ceBs and the percentage that were PNA positive essentially to normal. K3FA appears to have 

a marked effect on the rejuvenation of the thymus in an aged nL 

At sacrifice in Experiment Two in the aged rats, haf he thymus was placed h 10% 

formafin and histological sections were prepared The general morphology of the thymus was 
25 assessed by a veterray pathologist as being characterized by (1) no stgnlfcant lesions (the 

yowg control animate), or $ 

evidence of lymphocytic hyperplasia. In atftion. the amoirt of lymphocytic ceButarfty within 
the thymus was graded for al the animals, as this seemed to be the eel component that was 
(Efferent between the groups, 
so Using this scheme characteristic, thymic involution was seen h the exdpient and the 

GH-treated groups. However, there was dear evidence of lymphocytic hyperplasia and the 
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restoration d the thynric architect plus 
bGH. The increase in the lymphocytic ce&uiarty In the rats treated wBh des~IGF-< was «as9y 
distinguishable. Scoring the sides for the degree of krvohMion end the amount of lymphocytic 
hyperplasia confirmed that hvoknion was significantly reversed by des-IGF-l (p<0£1, 
e fisher's test) and that the amount of lymphocytic hyperplasia was greatly Increased by des- 
I6F-I(p<0j001). Therefore, histological exarr*^ 
rejuvenate the thymus of an aged animal, even where thymic hvottw 

Male New Zealand Whie rabbits 2.0-23 kg were anesthetized and reftal damage was 
10 hduced by damping both renal arteries lor 120 minutes. At damping, after one Abet osmotic 
pwp (Aba Corporation, Pab Ato 

acetic add (100 n*». pH 4.5), or 2 Ateet orotic piar^ oortaWng 2 ml each of 5.0 mg XBF- 
ttnl (in sodium chioridefeodfcm acetate buffer, pH 6.0) were placed h the abdominal cavty. 
The pimps delivered ether 0.364 mg d des-KSR/kg/day or 1.18 mg K3F- Wttfday for 7 days, 
is Control animals received excipient-fiiled pumps. The enimals were sacrificed at day 7 and the 
thymus and spleen were cfssected. 

After seven-day treatment with H3F-I the average wet weight of the thymus in IGF-I- 
treated rabbits (n»6) was 4.7 ± 0.44 g, nearly twice as large as those of the control animals 
(2.7 1 058 g, r*4, p»0.023). When thymus size wa* expressed as a percentage d rabbi body 
20 weight the statistical eignfficance d the efled housed (p«0.014). 

After seven-day treatment with des-JGF-l, the average wet weight d tie spleen h 
treated rabbits (n»8, 2.43 ±0.44 g) was more than twice as large as that d the control 
rabbis (n*7, 1.17 ±021 g,p4jQ28). 
II. Mice 

25 The above studies using rats and rabbits estabished that IGF- 1 could cause profound 

changes in the immune system. The mouse was next used as a model system, as h this 
species immune cell markers and assays are better characterized and were readily available. 
Furthermore, It was desired to estabEsh h the mouse I the effects on thymus and spleen size, 
eel number, and ft vftro responses to mitogens were translated into a real functionally 

ao enhanced activity d the immune system. 

Since 1 was shown that in aged rats KaF-i had remarkable activity in restoring the 
archlecture and cytology d the thymus to thM d a you^ animd and that the oels product 
showed enhanced mltogenic response, aged rnioe wore chcro as tie model, in trie case retired 
breeder male mice, which are a model d accelerated aging. The eSed d IGF-I as an anabolic 

35 agent as well as an effector d immune tissue growth and taction was studied in the adult 
aged mice. In addtion, lie effect d hGH and a combination d IGF-I and hGH on eel number 
and mlogenic stimulation was evaluated 
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The foOowhg studies used retired breed* BALBfc mfc*9morthioldofokl8rind 
weighty approximately 25 to 35 g (Harlan Spregue Oewley, Sen Diego, CA). Animals were 
housed ki tktf» cages end givan food (Purina Rodent Chow 5010, 81 Loub, HO) end water, 
adto&um. Alenimals were weighed before being grwj^htotreatnenlgreupe(be*edon 
their body weight) using e rendombation program. Animals wen Uentltod wth staMess et» 
ear tags and were ecdimated (or el least one week. 

was administered by ec*ptanted off^ 
Model 2001. pump rate ipprodriwleV 1 ^AfBr\*4Bf$tuSn,bioMMUoM2DCS. 
rrwiipuTps, pump rate ipprainalely 0 J ^W»n Ab* P«to Ato, CA). The pumpe were toads 
w«h solution r*r the nwiufacture^^ 
sterile saine overnight h the refrigerator. 

The pumps were filled wto eiierthe IGH exeipiant or the desired cuawueibn of 
IGF-I (5 mo/mi formulated as deserted above). U, 75, 80. or 120 ixg IGF4«ay/7 days for ( 
animals per group for the first seven-day treatment study and 120 ug K3F- Way/7 days for 
5 animals per group for the second seven-day treatment study end Ihe 14-day treatment 

study. 

For hGH treatments, rh6H (Nutropin brand) was administered by isel h an amour 
of 9j6, 48, or 240 ug h6H/day/14 days via two Alzet Model 2002 osmotic rnhipurnps (05 
liWv/14 days) mptonted sc to 5 animals per group, or by e^l via 240 ufl hGH for 14 dayi 

via sc injection, 5 arumals/group. 

For correlation studes of IGW and GH, IGF-l was admWstsredintdoesof 120ug 
by tvwASet 2002 n^umpe arid GH was adnwufl 

animals/group. 



•uil^Ht-iirlif-n.'Ji 



»d with an ip injection of approamately 0.4 mlofaveron 
(2Z2-t*romoeihano! and tert- amyl alcohol in phosphate buflered saline (PBS)). The dorsal 
scapular region was then dpped of hair and a small indsfon was made. Actosehemostat 
was then teerted Mo to Melon and pusned posteriorly. A miupurnp was then inserted Wo 
tiepeckj! and to hcetowM closed wtt 
7500 Uofpenieflii was given. AnimaJswm inspected cUy art M 

Arumals wen aacnTs^ at various times 
sample was taken, and the thymus, spleen, heart, ever, kidney, and mandfcular and 
mesertt*lymp*r»c*sirom 

The spleen, ftymus. and lymph nodes were placed on lot h lissus cu^ inaoTa h stp«tt 
vials for further assays. AH data are expressed as the mean ± standard deviation, with 
comparisons being made by one-way analysis of variance wBhfolow-upcwawfc^ 
made using Duncan's Range Test 
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1 Cell Preparation 

The lymph nodes, spleen and thymus were aspersed using stored glass sides to 

torn single ceil suspensions. The ceb em then washed, in Eight minimal essential medton 
(MEM, Gbco, Grand island, NY) containing 10% fetal bovine sewn (FBS) (Gtoco), penfcffin 
5 (100 nuts/ml), 100 uo^nl streptomycin (Gbco), and 200/mM glutamino, and resuspended at 5 
x 10 6 viable celsAnl as determined by trypan blue dye exclusion. 

B. 7 and 14 Day Shxfe ft 

The purpose of these etudes was to estabGsh I IGW was anabofc to the Mact 
normal mouse and I at such anabolic doses IGN affected fcymfc end splenic weight, 
io cekiarty, ceO type, and responsiveness hvbo tomlogens. Ffce or ek mioe per grrx? were 
used in these studies. On the basts of the doses bmm to be effective In the cat I was 
dedded to delver IGF*I by continuous sc Wusion at 140, 46, and 15 w^mouse/day 
(approximately 4, 133. and 0.44 myk^day). 

C. Results 

15 Effect of 7.Dav Treatment 

There was a dose-reialed effect on body weight gain over the 7 days (excipient 0.75 
±0.75 g. low dose 0*6 ±0.63 g, medun dose Ml ± 153 g, and hpt dose 3.42± 154 g), with 
the high-dose response being hi£ily statistical/ significant compared to al other groups (p < 
0.001). In the repeal expertnert w*h the high^ IGN ^ 
20 occurred that again was statistically greater (p < 0.001) than fie gain of the exdpient- 
treated group. 

IGF-I caused signfficant growth of the spleen and the thymus after 7 days of 
treatment wth IGF*I. In fte first experiment there was e clear dose-reialed effect of IGF-I on 
the spleen (excipient 105 ± 14, tow dose 124 ± 21; medkan dose 145±58;hi^i dose 183 ±23 

25 mg; excipient vs. high-dose IGF-I, p<0.001). to the repeat experiment, the spleen weW again 
increased(excipiemi03±18.highdose206 ±68mg l p«0i)1). Thymus weight was 
unchanged in the first experiment; this was probably due to the thymus being cfissected 
differently by different dissectors, to the repeat experiment, one dissector unBormly removed 
the thymus, and significant thymic growth was detected (exqpient 15.2 ±1.3; high dose 26.2 ± 

30 6.4mg,p«0D06). 

The observed increase to spleen wetyrtiolowfcg seven-day treatment wfth 140 \ig 
IGF-Vday was due in part to an increase in lyn^hocyte rumber. Viable lymphocytes, as 
(totermhed by trypan blue exdusioa 

day treatment wti K3F-J (Figure 7). This increase to eel number appeared to be due to an 
35 increase in both B» and T-cells. When B- and T«cel numbers were quanttated by FACS 
analyses of Slgt and Thy U cells, respectively. &«e8 renter increased 3 told (1 J x 10* 
efficient vs. 3 5 x 10 8 I6F4), while T-cel number was also hcreased compared to controls 
(0.7 x 10 7 exppients vs. 1 .1 x 10 7 IGF-I) (see figure 7). 



20 



25 



35 
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The observed increase In ftymlc weight oontlalBd wlh an I»mm h Thy 1+ 
thymocyt«s (1 x 10 7 txripienl vs. 2.4 x 10 7 IGF- 0- These data suggest that IGF-I has a 
potent rn&ogenfc affact on lymphocyte subpopulattons. 

h contrast to *m dramatic increase h lymphocyte number hducad by K3H. the 
s response of sptenfc lymphocytes to itimulation by LPS (B<*8s) and Con A (T-oaSt) was 
decreased compared to controls, while the lasponsatoPWM wsaquWartlorbciiignxpad 
nfce (see Figure 7). This daprassed myogenic nsporae suggests a leekdfiixljonalmeliirly 
In fie ryirtphocyts population fotowhg short-term (7-day) IGF-I taatment 

Therafoni, in the 7-day experiment, fymphocyte number was increased, but rrttoganic 

10 response was depressed 

Pffart ri 144>«v Treatment 

Next I was determhed I a longer exposure to IGF-I was required to affect 

lymphocyte function than was required to effect rymphocyte number. Therafore, teatnent 
was extended to 14 days using the high dose of K3W (140 uQ/mouseAjay). Furtharrnore, 
15 since hGH is thought to act in part by hduetig IGF-I production, tie effects of hGH vs. K3F-J 
on lymphocyte responses were compared. 

There was a signfficant weight gain after 14 days d tieatrnent wlh IGF-I (excbient 
1.49±0.46; high dose 3.871045 g.p< 0.001). AdtfionaBy there was signficart splenic 
growth (extipfent 96 ±12; high dose 163 ± 9, p < 0.001), and eignTeant thymic growth 
(axcipient 185 ± 4.6; high dose 33 A ± 10j6. p ■ 0.017). I can be seen fiat the tiymus and 
spleen reached similar weights after 7 or 14 days of treatment 

As seen in the 7«day experiment, the spiaan caD nuntwneajly doubted (Ux1(r vs. 
2.4 x 10 6 ) compared to controls using IGF-I treatment (Fig. 8). Whlefheia was « Increase in 
T-eeB number h the IGF+traated mice, the only atatfsticatfy signflicant incram was man In 
the CD 4 population (3.1 x 10 7 vs. 4.9 x 10 7 ) (Fig. 8), suggesting fiat CD 4 ♦ cab may be 

preferentially Increased by this treatment regime. As seen in the previous axpartmant, IGF-I 
treatment resulted in substantial increases fei Mnumber. IGF-I also showed an increase in 
T-ceB number In the thymus whan treatment was carried out for 14 days (see Fig. 9). 
In contrast to the decreased response seen at 7 (toys, toflowing 14 days of IGF-I 
so treatment tie mitogenic response of splerioevtes tarn IGr44eeled m 

elevated cornpared to controls (Fig. 10). These data suggest that short-term adrninistration 
d IG W resuto ti signfficart rxrew 
aae afterations in f/iretiocyte responsiveness. 

gf f frmMnatton After 1 4Jhv TrMtmenl 
f fihmitane am Treatment 

hGH and K3F-J had different effects on lymphocyte populations, in the next 
nments the effects of hGH administered simu toneousty wtth K5F-i were 
urthsr nana or ti eombraiion wth $c*lacl«drai,IGHtrt««nertpro4^ 
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iraveam in total lynphocy^ 

to an increase h B-csfi number (Figure 11). Ths combination of IGF-I and hGH dti haw a 
pronounced effect on thymocyte number over IGF-I or hGH treatment iloni (Rgun 1 2) . 

It is wpecied that the preferred route of combhalion herapy would bo administration 

5 ofcontinuousVinhBOdlGF^indhGH. 



Whan GH (at 280 ^day) was administered fret tor 14 days foflowedby 
•dmhistreijon by IGF-I (at 140 jigtey) tor 14 days, no effect of IGF-I vat seen. 

Lano-Term Effects off 14.Dav Tr-tmtnt 

10 To determhe the long-lasting effects of IGF-I, hGH and tie combination, lymphocyte 

populations from control and treated animals were examined 7 and 21 daye after 14-day 
treatment with hGH, IGF-I, or the combination of K5F4 and hGH. 

Seven days post-treatment the IGF-I- and IGF+ plus hGH-treated mice had 
signflicantly elevated splenocyte numbers compared to ether control, or hGH-treated mice 

15 (Fig. 13). A statistical increase h B-cell ruanber was observed h both IGF44reatad groups. 

The increase in T«cel nunber was siplicant h the IGF-I only group, but not in the 
combination of hGH phis IGF-I group. Furthermore, both CD 4 + and COg+ T«cel populations 

were elevated in this group compared to controls. As was the case wth 14-day treatment, 

both groups of IGF+treated mice had elevated thymocyte numbers compared to hGH-treated 

20 or control mice (Fig. 14). In addfton, IGF-I, alone or in combination with hGH, produced an 

hcrease in peripheral lymph node eel numbers (Fig. 16). No alteration in node T<el number or 
CD 4 :CDg ratios was observed fotowhg these treatment regimes. 

UnOce the enhanced proliferative response to mitogens seen at 14 days of treatment 
the mitogenic responses of the IGF-l-treated mice had returned to oontrol valuee by 7 days 

25 after treatment (Fig. 15). The largest mBogenic responses were seen in the hGH- phis IGF-f- 
treated group compared to controls, but these deferences were not statisticaBy significant. 

By 21 days after treatment, al four groups of mice had equivalent splenocyte (Fig. 
17) and thymocyte (Fig. 18) numbers. This, 21 days appears to be sufficient to restore the 
normal cell number and phenotypic ratios f oflowing IGF-I treatment 

ao However, by 21 days after treatment, both the LPS and Con A responses of the 

hGH- plus IGF+treated grocp were stafatfcalV elevated compared to controls 
SMafy.teresponsHtoaBthr^ These 
results suggest that IGF-I has an early and late acting effect on lymphocyte responses, whle 
the combination of IGF-I and hGH appears to require some time to alfed lymphocyte 

35 responsiveness, sc-lnjoctod hGH alone fafled to have a statisticaBy eignlfcant affect on 
miogen responses al any time point exvnhed. 
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EXAMPLES 
Response varugeniiaeconawyiffnuuBUon 
The purpose of this experiment was to evalu^ 
(retired breeders) immure wBh di^^ Previous 
5 experiments Mealed that 14 days of continuous KSF-I ad m hl slratio n to retted malt breeder 
met increased the body weight spleen, and thymus organ wapiti I was shown fiat the 
increase in spleen weigft was atirtuta^ 

mlogen responsiveness. It was also shown tatereasedT^elnunterehte 
be generated and that these oils were also mors responsive to mlogens. These data 
10 Mealed that caused tie antto4 

greater h rwnber and mors responsive to tntogens, ften 16 W mlgN be able to gh^ a graato 

antibody response to an antigen. 

L Protocol 

Forty-eight hours after arrival, aO animals received a single fc> injection (100 (iQ of 
15 dnitrophenytavabumin mbced wBh akm (DNPOA). (The dWtrophenyl group is a hapten that 
elicits a B-ceMependent response, and fte <wabuminisacarikrthateficlsaT«ceD 
dependent response.) The DNPOA was mbced before use by adding 50 jil of DNPOA (1 
mgrtnl) to 2.45 ml of sterile PBS, pH 7.0 and 150 ml of aluminum hydroxide absorptive gel 
(Rehsorptar™ brand, eold by Armor PharmaceuGcal Col, L, 20 mgfrnl). The DNPOA was 
20 mixed for approximately 30 minutes prior to injection The day of DNPOA immunization is 

designated as Day 0. 

At Day 19, ten animals were grouped by body weight kito two groups. (One animal 
was found dead on day 9.). Nineteen mini-osmotic pumps (Atzet Corp., Palo ASo, CA) model 
2002 (0.5 iiVhr, 14 days) were filed with IGF-I exejpient or IGF-i as deserted h Example I and 
25 placed in sterile safine solution overnight al 4 D C. 

At Day 20, five randomly selected animals were Med (orbftaDy). Serum was 
analyzed for IgG specific to DNPOA, as deserted below. 

At Day 20, all ten animals were anesthetized w8h an t> hjection of approximately 0.5 
ml of aver* as deserted above. The animals were capped free of hair on a dorsal area of 
30 approximately 2 cm^ and wiped with 70% alcohoL A smal Incision, approximately 1 cm, was 
mde in the cfipped area A hemostat was Inserted Mo the hcision and pushed anteriorly to 
the based the taD and the abovenlesat^mh^ FVe anknals ware 

implanted wth two mmfeumps each of exefpient buffer, five aninals were implanted wflh two 
mhfcumps each of K5R The rate of delivery for fcemhSpw^ 
35 IGF- Way for maximum of 14 days. After recovery from anesthesia, fee animals each from 
the exripfert and VSR groups received a booster ^100+dh|ection of ONPOA. 

At Day 25, one animal h fte exdpienl group was loud deal 

At Day 34, all nine animals were bled orbitaDy and the senm was analyzed lor IgG 
(see Table VII for the overal hmrtzation scheme). 
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TABLE VII 

cs (BALBfc) hnuntodwtti DNPOA 
Mlntaefen Compost) 2ndi#cfen 

Excitant 
Day 20 
CM 
Day 20 




DNPOA 
Day 0 

OayO 



DNPOA 
Day 20 

Day 20 



5 H Atw el ArtKlNP Intihodte 

loG; ic£entWNPariiiiodieslnl*teslm 
(e«ym»4Wttd tnmmoassay) using strum o< ar^DNPOA primtd rnict a» • rsloiwce 
standard. The EUSA was set up In 96-welI plates. Each wel was coat* wto 0.1 ml of 25 

uj/ml DNP-HSA (dinitrophenyl human serum sJbumin) for 24 hours at 4°C. Alter biockng 

10 wfih 0.1% BSA, 0.1 ml of each test sera was added to tie antigen-ooated ptales si tnpfcate 
and the plates were Incubated tor two hours at mom temperature. The ptates were washed 
free tines with PBSA>.02% Tween 20. and 0.1 ml of 15000 oiution d labblt antknouse IqG 
(Cappel Labs) was added to each wed Ptates were again incubated two hours and washed. 
Next, 0.1 ml of 1:1600 dButon of goat arrtwabbtt horsewSsh peraaddase conjugated antiserum 

is was then added to each wel for one hour si room temperature. After washing. 0.1 ml of 02 
mg/ml ortho- phenyfene diamine (OPD), 0.01% hydrogen peroxide h 0.0S M ctrate buffer was 
added to each wen. the reaction was stopped with 2 
optcal density was read at 490 nm on a Mcrotect ptate reader, 
m AtMv of Total loG 

20 igG antfeoote in the test mouse sera were measured by w EUSA uatig murine IgG 

as a reference standard. The EUSA was set up In 96-wel plates. Each wel was coated wBh 
0.1 ml of 1500 goat amknurfne kjG-Fc specfic (Cappel Labs, Westchester, PA) for 24 hours 
at4°C. After blocking wth 0.1% BSA, 0.1 ml of each test sera was added to the antibody* 
coated plates in trioleate and the ptates were Incubated for 2 hours at rc«mt«nperature. 

25 Trie plates wem washed three times wto 

of raneraoTsh peroxidase^orftgeted Fab*pecft 

added to each wel. Plates were again incubated two hours and washed. After washing, 0.1 
ml of 02 mg/ml OPD, 0.01% hydrogen peroxide In 0X5 M csrate buffer was added to each 
wel to reaclktt was stopped win 2 M h 
so densty was read at 490 nm on a Mtootact plate reader. 

rv. Results 

figure 20 shows the concentration of total (Fig. 20B) and OA- speckle (Fig. 20A) IgG 
hf^Mrumofexc^t-orlGF4^edrnice. IGW treatment sio^eantJy hcreasedthe 
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ttcortiary IgG mponse to ami^ Whfc there was i trend 

toward elevation h total IgQ levels h thetGW grw*>, Kit values were not statistically 
hcraasad compared to oortbob. Thus, \QFA hretiofts to boo* the memory response of Ite 
mammaL 1 b notad thai exposure to IgG after a secondary knnurtzation pioduoaa a longar 
5 Improvement h antibody production. 

EXAMPLE IV 

EHedontomtuneR^^ 
The purpose o( ftis ea^ertment k to detonnhe the affacto d K3FW ttwlmart ol mfca 

10 on ^population of tha spleen and thymus Moving bona marrow bamplanialioa 

L Protocol 

Male BALB/c mice, 19-25 g and 6-7 wMks old (Charles Rwr, 8an Diego, CA). were 
used in the study. The animals were group housed in polyprcpylene cages wttfcx)d {Purina 
Rodent Chow 5010. St. Louis, MO) and water, ad totom AS animaJi were weighed the day 
15 d punp irnplantaiion BfxJ randomized hto gro Animals were Identified by steWess-attel 

ear tags. 

Ten animals per group were studied. Animals wart anasthatiztd win an b Injection of 
approximately 0.4 ml of avertin prior to ^plantation of Abet osmotic mWpurnps Model 2002 
(0.58 ±0.03 iilfotJU days) filed with IGF exdpfentor200uJ of rtGH described above 
20 dfluted to achieve a daily, continuous delvery of eppnaimateV 40 or 120 u.p/day/14 days. 

Daiiy animal weights were recorded. Twenty-four hours after tie implant al animals 
were irradiated with 900 rads of isolation from 137 Cesium (4.29 minutes). Wonfci one hour 
after irradiation animals received an Intravenous Injection of 1 x 10 bone marrow ceQs (250 

Hi). 

25 Femurs and tfoias were removed from 40 donor anirr^. Trie bone marrow was 

flushed out w»h PBS. Cells were centriuged and washed wfih safrie. Viable cess were 
counted and dfluted with saline to achieve 10 ceW.25 rri 

One half of the animals ware sacrificed 14 days after tie irradiation treatment All 
the survrviig animals from the group that was bracSated and receded no bone marrow were 

30 sacnTced at this time. The remairung animals were sacrfced 23 days after the irradiation 
treatment. Spleens, thymuses, ivers, and hearts were removed arid weighed. Long bones 
were taken for histology and the spleens and thymuses retained for cytotogicsJ and *) vin? 
assays. Bleed was taken fcfanarysistfperbried Trie protocol is given in Table 

VBL 
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TABLE VUI 



mu> 


in) 


Haute 


naataflCP4 
fuo/dav\ 




1 


10 


scpixnp 


0 


no narrow 


2 


10 


ac pump 


0 


racekad marrow 


3 


10 


spunp 


40 


racataad marrow 


4 


10 


a? pimp 


120 


ncaivad nwrow 



1 Results 

5 Animate ntf replaced wthbw 

ten animals sunrfvKl for 14 days. F6r al miasurts (btood, tissw 
of animals showed the expected effect of a lethal dose of radiation. 

Animals replaced wih bone manow survived with only two animals out of 30 dyhg 
over the 23-day study. The actual weight gains in the four groups are shown in Figure 21 . 

io Thymus and spleen weights are shown in Tafce DC 



TABLE DC 





Hii'mimm'-iiir 




K»Til7nrai 






Day 14 


uay23 


Day 14 


Day 23 


No marrow 




• 


185+25 


• 


Marrow only 


12SfU0 


260+12,9 




74.0+28JO 




225*2 


6.4+92 


1012+2D5 


82.0+&3 


(GF-lhiqh 

t _ ^ ft ftp ~i |j< 


27.3+10.9' 


51.2+8.3" 


125.0+354- 





' p < 0.05 of Marrow Only on same day 
-p<0X)1 



15 

There was a dear effect of IGF-I increasing thymus and spleen weight in this model 
It appeared that the thymic effect was greater than the splenic effect, as there was a 

maintained doubtng d thyrru» 

initially being statistically secant, but not maintained at day 23. There was no overall 
20 effect of treafment on liver or heart weight. 

The dramatic whole body anabolic iff ed c4 ^ h tf« setting cx»r^ tf« K3F^ 
continues to be anaboic on the whole body. The effect of KSF-I increasing the mass of tt» 
thymus and spleen was suiprishg h 

model presents. I might be expected in ofter models of immw ddbancy, I e. AIDS, tiat 
25 K3F-J would also show these lemaricable efficacies. 

The body weight changes tor aD four groifs are shown to figure 21. The figure shows 
dearly the very large weight loss in the anhnab blowing taxation eo^osura. There was a 
dear dose-related effect of K3F-J protecting the mk* torn tfe Higthdose IGF-I 

had a significant anabolic effect as e4Vfy as seven days fottowbig treatment and this effect 
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15 



20 



persisted to tte end of the study. Low-dew K3F-I also caused a significant preltdton 
time points (p<OJ05). 




irtean days post iradalion, anknals receiving 120 ug K3H Mlrcni^rwbws 
s <rfC0 4 +T<e&h the penpheral blood eor^ 

22). hde«d.theratbofC0 4 toC0 8 ticrafaadten2to 

to controls. These data art consistari wto «m prrfararalal hcriasaa h C0 4 eals aa« h fta 
spJserBOfaoedrnc«tr6etedwetilGHfor7or14dtys. No affect was seen on parbhwal B- 

eel number (oQowing K5H treatment. 
10 Whan the spier* lyrnphccytM from 6^ 

analyst rSMtraalmatf was stiown to 

T- and eVcelk (Fig. 23). However, no affect was seen on mtocjenfcrasponsWanesadfwse 
splenocytes whan measured at this time point (Fig. 24). 

As was the case wtlh the spleen, t» number of lymohocytee repopulating the thymus 
I mice was increased compared to controls (Fig. 28). 
w examhed at 21 days post Inadalion, IQF-J again hduced an alteration h the 
blood lymphocytes CD 4 :CO e ratio due to increases h the C0 4 ♦ T<al population 

By this time, total splanoeyte numbers h the IGF- Wreaied groups had nrturnedto 
jes but a slight increase was still measurable h 1» splaneC0 4 *Te«i population 

rhislicraase si T<eBs was reflected hitoraas^ ConA 
of splenic T-c«lls tripled in the high-ctose IGF-Hr«aled rnc* (Rg. 27). fcVcal 
niMMH tn i pc war* t0wffaeiA(i bv K3F-I treatment when examined at Ws time 



poinL 

Surprisingly, the thymic ryrnphocyte numbers of the high- and low-dose KaF-Wreated 

25 mice were still dramatically increased compared to controls (FJ. 28) tmmtM ^ kiaitMt 
Taken together wih the increases in splenc C0 4 number and Con A responsiveness, 

these data suggest that IBM increases tie rate of r^rs>»nJoaBrapopu» and supports 
an inpoftant therapeutic role for this molecule foeowhg synganic bone marrow 
transplantation. I is anticipated that the use of 6H to stimulate KSF-I production wl resut In 
30 as^respoftMfoltowtogsyngsniebow 

GH and K3F-I is expected to increase the rata and exiert d such bond marrow 

transplantation. 
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EXAMPLE V 
K3F-I AWfflSTRATION TO HUUANS 
This cfinicai investigation provides evidence that IQF-J abo affects the kmwe 
system of a human. 



A Phase I cunical study was conducted of Ihe safety and phannaookiMties fosowrig 
repeal administration (mutidose) of K3H h heathy aduft males. Eacfi subject of 12 human 
patients receded a bolus injectte 

five consecutive days. On weening and ten hours post boius on day five, bbod eampiee wen 
10 taken lor determination of hematology. 

1 Wasting 

It was found that the hernogtobh, henvtoent and it^ bbod cab (RBCs) ware 
significantly lower on day 5 as compered to screenhg or post-treatment week 2 (d-0.001, 
0.0004, OMOS, and 0^0005). In contrast, the white Wood cab (WBG») ircnMstd sfgrtficantly 

15 fromscreertngtocty5(fiom6^ Funtiermore. at post- 

treatment week 2 the WBCs f si significantly from the value at day 5 (horn 7.5 ± 1.8 to 6.4 ± 
1-6 M/CMM, paO.003), so that the pretreatmant and £week post-treatment WBC values 
were not significantly (Afferent 

Therefore, despite the RSCs faffing in this study, the WBCs rose, ft is known that 25 

20 to m of the whBe olood are lyinptecvtes 

WBCs in the blood of the K3F44reated subjects makes It vary aVety that there was also an 

hcrease in the number of tyrnphocytes following this course of KaF-i treatment ki man. 
Compare Rg^ 22B, which shows statistic^ 

+ lyrnphocytes number In rnice after treatment with 120 u$ I6F-I. See also Table Von the 
25 ncreased effects of the cornbinalion of des- K3F-I end bGH on lymphocyte number and WBCs 
h aged rats. 



CONCIUSIOM 

Studies by bjaksson at at (Acta Physiol Scand. Ui261-265, 1982) had shown that 4 
so dafly subcutaneous injection of QH were more effective than 1 or 2 Ejections per day or a 
continues hfu^ from subcutaneous irrplanted osmetic rnirupunps. On toother hand, 
Cotes ttuL (J. Endocrhobgy ££303412, 1960) found tial continuous sx. Wuston torn 
mHpumps was more affective tan sing> daily injections and concluded 
infusion was mow effective than episode edmHstratkn. Jansson, in The Sexual Dimorphism 
as of PulsaSe Growth Hormone Secretion in Relation to Body Growth, IMversly of Qolanburg, 
Gotenborg, Sweden, 1963 at page 3345) showed that 4 sx.h)edlora of GH was superior to 
GH conthuousfy sdmiustered by mWosmotic pumps. However, have been no studes of 
the effectiveness of efferent patterns of GH administration on the growth of dWerent body 
organs, on on Immunologc function. 
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We r^cSscovenalnoveJ strategies for We hevs shown that 

continuously admtiistered QH is ft* preferred pattern of GH adrrsnistrBlion te atm»«e GH 
responsive tissues, particularly the Irnrnune rasponslvt tissue. There is a body of torature 
suggesting different responses to QH liter other t continuous t^owi or • pubafle 
5 exposure fJCtok and Ftosinson, 1987). Tr* present hvertooontalns the W 

results to show that immune responsive tissues prefer the continual presence of growth 

hormone and tiereiore trial coriUwoui pre 

adrrdrustration. 

Wt have also oSscovered new strategies tor QH adrriWstratJon in eornbhatJon wSh 
io IQR To eo**nWster GH w9h K5W to affect trrrijwtiKtfonewepTOpOMftalQHbe 
delivered to maintaii continuous preserieehfte Wood arid itracefclerftuide. Thapresant 
hveniion estabishes for ft* fim lime that GH and K3M have an addrtfve effect when both 

are oo-adrninistsred. 

GH has previously been administered as a daly or every 2-day putsatfle or bolus 

« injection route, since I was assumed and had been shown superior to ehorttarrn continuous 
GH infusion. Surprisingly, the longer term continuous presence of QH h the pfasrna has been 
found superior for stimulating many if not most GH responsive tissues. The continuous 
presence of GH for 3 or more, preferably 6 or more and most preferably 14 or more days 
stimulates GH responsive tissue better than putsable ecmWstration. 

20 GHrr^becorrtinuousr/adrrdr^ 

constant amount of GH. However, ti another aspect of the present hvanlion, GH formulated 
to have a long haMfo has been found to resut in a superior QH response, when administered 
m^crw rvmnrp Sumrisinolv. the tissues and cells of the immune system have been 



25 



30 



35 



found to respond to GH or GH plus IGH treatment to increase oon tie ate orresponw ■» 
the magnitude of the frnmur* response. The tternirltern a4nWstr^ 
found to give the best GH response when administered every 6 days. 

IGF-l was isolated and named first as a •somatome** to hdicale that I mediatad 
the whole-body prowtrHpnxrating activity of GH. I was later named K5W h recognition of Is 
nsuGn-Bu metabolic activities, ft k therefore surprishg that IQW, a molf*uteoonsideradtobi 
a metabofc regulator of somatic growth, was shown to have similar growth factor activity 
on eefls of the immune aystem as many of the ire^touldns. 

It fc known that GH receptors. IGF-l receptors, end hsufln receptors are present on 
eels of me knmune system. The functional effect tt vto> of these ficaptore and the aahr^ 
of their igands on the immune system was unknown untH the present hveniion. The effects 

of Inwfr erH oh " >"nu»« ' ^ to * MO"* 68 " 1 (*»■ *w? Snow ' 

■i trrmunsi . 135: 776-778 (1985)). Most limes htobooy have iicapt^^ 
hsuai where thasa tomionM act to reguW 

axample. glucose uptake or amino acid transport The racepw that rwt bean 

j k. ****** * hrmina iksim could function to cuitiul these activities, rather 
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than ad to Influence their fflvmtiaiion, growth, and the hm n obgical actMfes, Recent 
iterature has recognized that the roie of IGF-I In affecthg immune cytology or hDCtion is 
irtnown (see Fu 9taLllomuLl&'. 1602-1606 (1991)). 

lis wel recognized that aged, underfed, or malnourished patens, or patients 
5 suffering from Irises or dseam, become i^^ I ii addtionaDy tawwn fiat 

those patients also become K5H deficient. The findngs herein suggest that this immune 
deficiency is dncUy related to, and exacerbated by, I not caused by. Me IGF-i deficiency. 
Restoring K5F*» blood oo n centr ati on s h patients would be eotpoctod to resu* to an amelioration 
of their immune deficiency. IGF-I dramatically affects tie size of the thymus in several 

10 animal models. Thymic growth has been eeen h hypophysectoiA 

adut and aged rats, in mice, and in rabbis. The fiymus involutes wth age h moat animals; 
I reaches a maxima) size end then begins Involuting in man after puberty. This involution is 
associated with a decline h he activity of the immune system. This Invention there! ore 
provides h one aspect a means of stimulating he inmuno system of an aged human to 

15 restore the thymic tissue to that of a much younger person. The combination of an agent 
that has anabolic activity on the major internal organs, with improvement of hematology and 
immune function, makes GH or OH plus IGF-I an attractive drug for treating adult or aged 
humans. The ability to rejuvenate the thymus and therefore boost the Immune system is seen 
as providing a range of therapeutic opportunities. 

20 Such opportunities include commw 

mature into Ig secretory ceBs and the serum contains less than 250 m^dl compared to 1000 
mgttl that is the normal concentration. IGF-I produced signfeant houses in serum Ig levels 
(Rg. 20) and may be useful in this (fisease. 

A further use of the invention would be to admhisler fie K3F*I to a patient who 

25 suffers from a hereditary iiness that results in an impaired immune system. An example of 
such a patient would be a child suffering from congenial thymic aplasia (diGeorge syndrome) 
in whirfi the thymus is atrophied and T-cells are severely dmWshed, leadhg to opportunistic 
infections thai are often fatal. The reason lor this dbease is unknown. K3F-I might be 
expected to give an improved size, celiubrity. and responsiveness of the thymus h these 

30 patients. The course of treatment would be intermittent, wlh, tor example, a predcled 14- 
day period of treatment being given ioilowed by a resting pertod of more than 21 da^ 
between exposures to IGF-I. At this ttne. tie eel courts h the immune tissues would have 
returned to normal, but their abity to respond to mlogens or to produce wtiwdtos would be 
enhanced. Such an tatetmittenl course of treatment of producing waves of oeDuiar 

35 development would be sustatoable and lead to a tong^emt restoration of Immune hreto 
heretftary condiions of the DiGeorge type. 

A third opportirty is acquired hvrxjnodeficiency syndrome (AIDS). Patients wth 
AIDS have no Tcell Immirtty and hvereedTVTB ratios. IGF-I has been shown to increase 
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T<elrrdtogen responsiveness and specfietyen^^ 10,11)ar 

as such may be a useful dug h the treatmsnt of AIDS. 

The data set forth above suggests *tf a<*nl^^ 
hcrease immrogiobuln pmdu^ 
5 production. The He/val between irrvnunizaiions m^ 

Invention herein. Ths mors rapid profferation of esk In vfcohom IGF+trealed mice 
suggested that enhanced antibody responses could be achieved more rapkfy. ThiswoiJdaflo 
mora compressed tomunbation protocols. For example, h man 1 is common to gto primary, 
secondary, and tertiary tmmrizations separated by many months. During this time fte 

to patient is at risk of exposure to the agent torn whfch he or she k being protected. 1 would b 
an advantage to reduce the hterval between imrrwizaSons by ushg K3F-I to boost t* 
hrm* system so that the above risk could therefore be reduced 

Another use of the invention is to give a patient e course of IGF-I treatment during hi 
or her recovery from major inesses or fobwing surgev when an Wecfion or reiepee might b 

15 expected. An enhanced immune response iiwldbeexpectedtoaldeuchapafienttomoirta 
immune chalenge to the infection or relapse. 

SUB another use of GH or K3W administration is as an hmuroadjuvart Whenever 
rnmunizing a mammal or avian, priming with GH end or IGF-I to accelerate the hvnunization 
process is clearly indicated h the present invention. 

20 In the above examples, the effectiveness of IGF-I has been demonstrated as fotows: 

(1) in three species (mouse, rat end rabbft); (2) in both sexes (male and female rats); and (3 
in several animal models, induing animals made surgically GH and K3H deficient 
(hypophysectomized rats), animals with hereditary GH and K3F-I deficiency (dwarf rats), 
norm! animals (ovariectomaed rats), normally aged animals that are IGF-I deficient (18- 

25 month-old rats), animals showing accelerated agfag (retired bleeder mice), and animals with 
reduced immune taction 

K does not necessariy follow from t» above stucSes fiat a rrinimun of 14 days of 
IGF-I treatment is needed to induce foe changes observed. In the mouse 14-day treatment 
was chosen as this proved a reliable means of inducing immune tissue responses, ftispossble 

30 that 7 days of IGF-I treatment, which cfd induce an terease h eel number, would eventually 
lead to fmctionaDy active mature lymphocytes. AcfcftionaDy. iess.than 7 days of treatment 
(for axw^. the 5 days used h Example IV in 

afrmistration. Furthermore, IGF-I treatment by injections rather than confruous Infusion is 
also ejected to be efficacious. 
35 It would be reasonably ejected that the rabbi rat and mice data herein may be 

extrapobted to avians, horses, cows, and other mammals, correcting for the body weight of 
the avian or mammal h accordance with recognized veterinary artf clnW 
HiinansarebefevedtorespondinMsirevneraswel. K3F-J receptors have been 
demonstrated on human lymphocytes [Kozak a/at. CaMmmunoL 109: 318 (1987)], and 
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tvttencfofskntorrtsponseshmtt^ Thusjwuldbe 
raasonabiy axpactad that in man IGF-I would hava a beneficial rutoniwt affact on Immune 
taction in al patiants. 
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WHAT IS CLAIMED IS: 

1. A method tor stknuialinfl a rramrnaTs or avian's growth horror* responsive tissues 
comprising maintaining a continuous. effective plasma growth hormone concentration for a 
period of ftree or more days. 

2. Themethod of cWm 1 wherein said method is iDetin^ediBdr^iooitfmBueinftaten 

device. 

3. The method of claim 1 wherein said inelriodiiaecon^shedu^ap/Bwftnon^ 
complexes to one or more macromolecules to reduce GH clearance from the biood plasma. 

4. The method of daim 3 wherein said growth hormone is cornplaxed wth a rracrornolecule 
selected from the following: growth hormone birring protein, potyetheiene glycol, polypropylene 
glycol and caAorrydrate. 

5. The method of daim 1 wherein said respcr»i« tissues ot Irrruioresp 

6. The method of daim 5 wherein said growth hormone is human growth hormone. 

7. The method of claim 6 when* said human growth hormone is in cancelation win one or 
more of the following: growth hormone binding protein or K3R. 

8. The method of daim 1 wherein said human growth hormone has covalently attached one or 
more polymers selsded from the following: potyetheiene glycol, potypropvtone glycol and 
carbohydrate. 

9. The method of daim 8 wherein said polymer is potyetheiene glycol and said eovaJentiy 
attached polymer is potyetheiene glycol attached at one or more human grows) hormone 
a^ acids selected mxn the blowing; 

lysine 140, lysine 145, lysine 158, and lysiie 168. 

10. Thamalhod of daim 1 wherein said period for 6 or mow days. 

11. The method of daim 1 wherein said dose of growth hormone is from 0D1 to 10 mpAg/day. 

12. Ttefnetrodrfeata 5 wnerein torrid 
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13. The method d daim S wherein the immune system is stimulated by hcraasad thymocyte 
number. 

14. The method of daim 5 wherein said rnmurxHtspoftsive tissues resul h tn Increase in 
antbody 



15. The method rfdabn 5 wherein the eaidirn^^ 

immunty. 

16. The method of daim 1 wherein tie mammal is a human. 

17. The method d daim 1 6 wherein the hunan is an aged hman. 

18. The method d claim 16 wherein the human has a compromised tanune system. 

19. The method of clafen 18 wherein the human has AOS. 

20. The method of claim 1 wherein the mammal has undergone a bone marrow transplant. 

21. A method for increasing a mammal's or avian's entbody response to an knmunogen 
comprising administering to the mammal or avian tie immunogen and an effective amount of 

growth hormone. 

22. The method of daim 21 wherein said growth hormone is oMnistered prior to 

frnmunizafioa 

23. The method of claim 21 wherein said growth homm is adrrmsterad simutaeously ^ 
or following immunization. 

24. The method d daim 21 whsreh said growth hormone is administered h combination wft 
GF-L 

25. The method d daim 21 wherein said mammal or avian is rtscted with a virus that has 
an teubstion time that is shorter than the normal immune response d the mammal or avian. 



26. The method d daim 16 wherein the acrtr&ration is concurrent and wherein the 

immunogen is derived from a virus, tumor or a 
given to the mammal or avian. 



WO 93/00109 PCT/US92/04489 

64 

27. The mtlhod of cteim 21 whereh f» hmnogen ii • vaceiw con?n*tig an art igenic 
substance selected from the blowing: • vfaus, ■ badKium, • ftngw, ■ ywat «id » tumor 
eel 

28. AmothodofteraashgteT<ttr»spor^^ 

fei rasponsa to an imrnunogen. where said subject auftes ^ ■ oonoBon h wNeh fcwffictort 
T+e^rc*T<ytolytfcaaKtycfl^ 

amount of growth hormone, the amount being effective to hcrmi the T-hefr orT-cytolytic 
activity. 

29. The method of dalm 4 wherein said grow* honnoi»eoortfalrttonaoriBOi»cowlant|y 

bound poiyelrryleneglyools. 

30. The method of daim 29 wherein said growth hortnon* contains more then two and less 

than 10 polyethylenegtycote. 

* 

31. The method of claim 4 wherein said growth hormone is human growth hormone and said 
growth hormone binding protein is human growth hormone bintfing protein. 

32. A human growth variant comprising native human growth hormone whereh polyethylene 
glycol is covalerrtly attached to one or more of the following amino adds: Methionine 1, lysine 
38. tyste 41 , lysine 70, lysine 140, lysine 145, lysine 158 and lysine 168. 
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FIG. 1A 




Log hQH Dost (mg/kg) 



FIG. 1B 




Log Dote hGH (mg/kg) 

SUBSTITUTE SHEET 



WO 93/00109 



PCT/U592/04489 



2/26 



FIG. 2 



3 
E, 


600" 

500* 

< 




400- 

« 


i 


300- 


fhymus 


200- 




100- 

o- 




Exdpltnt 

hOH 433 
hQH0.1 
hQHOJ 
Ptg«2 J033 

Ptg-2 0.1 
Ptg-203 

Fag-10033 
tog-10.1 

F*g-103 



Treatment 



FIG. 3 




□ Exdptont 
Q Peg-5 Daily 

S Peo-5 3 days 
6 days 

hGHOalty 
hGH3days 
hGHSdays 



Trtatment 



SUBSTITUTE SHEET 



WO 93/00109 



3/26 



PCT/US92/04489 



FIG. 4 
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